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Abstract 
Alternative Practices Used by Resource-limited Farmers to Control Fleas 
in Free-Range Chickens in the Eastern Cape Province, South Africa. 
By 
Sipho MOYO 
 
Fleas are one of the major external parasites affecting free range chickens, causing irritation, 
tissue damage, blood loss and toxicosis which in turn affect quality and quantity of meat and 
egg production. There are many commercial insecticides available that are effective against 
fleas. These commercial insecticides have, however become expensive to most resource-
limited farmers and therefore unaffordable, causing farmers to seek low cost alternatives. 
This study was conducted to document, determine the existence of external parasites in free-
range chickens and validate the alternative remedies used in controlling free-range chicken 
fleas by resource-limited farmers. A questionnaire survey was used to collect data on external 
parasites of free-range chickens and ethno-veterinary control remedies used by resource-
limited farmers to control these parasites at Amatola basin, in Eastern Cape, South Africa. 
Resource-limited farmers perceived that mites (79.6%), fleas (64.5%), lice (10.8%) and ticks 
(6.5%) were problematic parasites of chickens. To control these parasites, resource-limited 
farmers commonly use ash (28%) madubula (13% carbolic acid) (26.7%), Jeyes fluid (13% 
carbolic acid) (10%), paraffin (8.4%), used engine oil (2.8%), plants Tagetes minuta, Clutia 
pulchella, Calpurnia aurea (5.2%) and a few (4.2%) used commercial drugs Karbadust 
(Carbarly 5%) and mercaptothion 5%. About 7.5% of the respondents used neither of the 
remedies. To confirm the farmers’ perception on problematic external parasites of free-range 
chickens a diagnostic survey was conducted. Fifty free-range chickens were randomly 
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selected and examined for external parasites. About 96% of the free-range chickens examined 
harboured at least one species of external parasites. Fleas (Echidnophaga gallinacea) (50.7%) 
were the most prevalent followed by lice, Menopon gallinae (12.4%); Menacanthus 
stramineus (5.3%) and Knemidocoptes mutans (0.57%). Given that Jeyes fluid, used engine 
oil, paraffin, C. aurea, C. pulchella and T. minuta were mainly used in controlling these 
parasites, it was important to determine the potential dermal irritant effects of these plants. A 
dermal irritant effect test was, therefore, conducted using a rat model. Forty eight rats, with 
parts of the backs shaven, were used to screen the materials for irritation. All the materials 
tested did not cause any visible skin irritation on rats (p>0.05). Regarding that ethno-
veterinary materials were non irritant on rat skin in vitro repellency and contact bio-assay 
models were used to assess the insecticidal properties of Tagetes minuta, Calpurnia aurea, 
Clutia pulchella, used engine oil, paraffin and Jeyes fluid on fleas. For the in vitro bioassay T. 
minuta and Jeyes fluid at 100% concentration demonstrated a repellency level of 76 and 83%, 
respectively. Tagetes minuta was the most effective among plant materials (p<0.05). Clutia 
pulchella, C. aurea, used engine oil and paraffin showed insignificant repellency (p>0.05). 
For the contact bio-assay, C. pulchella, C. aurea and T. minuta at a concentration of 100% 
resulted in flea mortality of 83.5, 73.3 and 42.5%, respectively. The efficacy of Clutia 
pulchella compared well with that of Karbadust which had a mean mortality of 97.5%. 
Paraffin, used engine oil, and Jeyes fluid (19.2%) caused higher flea mortality of more than 
82%. In the in vivo study 60 free-range chickens were artificially infested with fleas and test 
materials were topically applied on infested sites. Test materials exhibited varying flea load 
reduction efficacy. Used engine oil and Jeyes fluid at 76.8% concentration had a reduction 
efficacy of 100 and 96% after 3 days post application of test materials. These were not 
significantly different to that of the positive control Kabadust (carbaryl 5%). The plants C. 
pulchella and C aurea at 100% concentration had an efficacy of 92 and 77%, respectively. 
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The commonly used remedies by resource-limited farmers to control fleas vary in efficacy. 
Some of the materials are as effective as the commercial insecticides hence they have a 
potential to be exploited as insecticides. Further investigations on plant compounds with 
insecticidal properties and their toxicity, need to be conducted before the plants are 
recommended for use. 
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1 CHAPTER 1: Introduction 
1.1 Introduction 
Free-range chickens form a major part of the poultry industry in many developing countries 
(Spradbrow, 1997) and they constitute more than 80% of the African continent’s flock 
(Gueye, 2002). Chickens were introduced to Southern Africa during the 1600s by the early 
settlers and traders from Europe and sub-Saharan Africa (van Marle-Köster et al., 2008). 
Free-range chickens contribute significantly to the livelihoods of poor households 
economically as starter capital, accessible protein source, source of income, exchange 
purposes, socio-culturally for mystical functions and exchange of gifts to strengthen social 
relations (Gondwe, 2004; Muchadeyi et al., 2007; van Marle-Köster et al., 2008). In addition, 
free-range chickens have little cultural or religious taboos leading to their wide acceptance by 
most rural communities (Tadelle, 2003). Free-range is whereby chickens are allowed to roam 
freely instead of being restrained in any manner, chickens have access to outside spaces and 
they scavenge around the homesteads (Bailey and Cosby 2005; Abubakar et al., 2007). 
Moreover, consumers generally prefer products of free-range chickens because they are 
presumed to be organically produced; a merit to human health. This consequently leads to 
higher prices for free-range chickens and their products. 
 
Though keeping of free-range chickens, especially by resource-limited farmers, is a common 
practice in the developing countries, such as South Africa, the system of rearing differs, 
depending on the prevailing agro ecosystems and available resources (Kumaresan, et al., 
2008b; van Marle-Köster et al., 2008). Low-input low-output production system for free- 
range chickens conforms well to the socio-economic conditions of rural farmers. Local 
chicken production can be considered an initiative enterprise owing to its low cost 
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(Abdelqader et al., 2007). Unlike other livestock species particularly cattle, chickens are 
accessible even to the poor and landless farmers. According to Mwale and Masika (2009) 
free-range chickens are not labour intensive, can be kept as a sideline enterprise and require 
less land resource. However, little has been done on external parasites affecting free-range 
chickens in South Africa, hence it is imperative to determine the prevalence and control of 
external parasites in free-range chickens in South Africa. 
 
Despite the high economic potential of these chickens their productivity and associated 
benefits are seriously affected by diseases and parasites, particularly external parasites 
(Nyaile et al., 2003). Free-range chickens are at constant risk of infestation by both external 
and internal parasites due to their scavenging and foraging behavior for feed to meet their 
nutritional requirements (Dessie and Ogle, 2001; Eshetu et al., 2001; Mungube et al., 2006). 
Moreover, poor feeding results in lower resistance against parasites. If ever they are 
supplemented they will be given cracked grains and /or maize bran (Muchadeyi et al., 2004). 
In addition, inappropriate housing and lack of appreciable parasite control efforts lower 
chicken productivity potential (Mungube et al., 2006). 
 
Various external parasites have been reported in the local free range chickens. The most 
common external parasites in chickens include lice, ticks, mites and fleas (Nyaile et al., 2003; 
Mungube et al., 2006). These parasites affect chickens by causing irritation, tissue damage, 
blood loss, toxicosis and dermatitis which in turn adversely affect quality and quantity of 
meat and egg production (Nyaile et al., 2003; Salam et al., 2009), thereby undermining 
chickens’ invaluable contribution towards rural livelihood. In South Africa, there are over 
100 out of 2 800 worldwide species of fleas (McDermott et al., 2000). Fleas are blood 
sucking wingless insects of the order: Siphonaptera and their bites leave wounds which 
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become portals of entry for secondary infections (Agboola et al., 2007). In addition, 
irritations and blood loss may cause anemia which eventually leads to death especially in 
young chickens (Philips, 2005). 
 
The sticktight flea Echidnophaga gallinacean is an important chicken external parasite in the 
tropics and subtropics (Lehane, 2005) because the standard of husbandry is generally poor 
and climatic conditions are favourable for parasites development (Phiri et al., 2007). Fleas 
can be controlled through use of commercial drugs; however such drugs are associated with a 
number of limitations. Resource-limited farmers may not use conventional drugs due to poor 
access because of distance and exorbitant prices (Mwale and Masika, 2009). This results in 
farmers resorting to the use of alternative insecticides in controlling parasites of chickens 
(Mwamachi et al., 2003; Anthony et al., 2005). Some of these practices are called ethno 
veterinary medicine (EVM), which is the use of medicinal plants, surgical techniques and 
traditional management practices to prevent and treat a spectrum of livestock diseases 
(Mathius-Mundy and McCorkle, 1989). The practices cover people’s knowledge, skills, 
methods, practices and beliefs about the care of their animals (Mathius-Mundy and 
McCorkle, 1989). The use of ethno veterinary practices is presumed to lead to improved rural 
chicken health and productivity in developing countries (Gueye, 1997). However little has 
been done in terms of documentation and evaluation of EVM used by rural farmers in 
controlling fleas of free-range chickens in the Eastern Cape Province of South Africa. The 
objective of this study was, therefore, to establish, document and validate ethno-veterinary 
remedies that are used by resource-limited farmers to control fleas in free-range chickens. 
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1.2 Problem statement and Justification of the study 
Fleas greatly affect the productivity of free range chickens, hence compromising the 
livelihood of rural farmers by reducing food security. These fleas are commonly controlled 
through the use of commercial insecticides which are expensive for the resource-limited 
farmers. Some of the commercial drugs are toxic to the chickens and some have been 
overused, leaving dangerous residues in meat and eggs (McGaw et al., 2005). In addition, 
farmers in rural area have limited access to veterinary support services in terms of getting 
information about prevention and treatment of fleas (Dold and Cocks, 2001). As a result this 
has caused them to resort to use of alternative insecticides to control fleas that affect chicken 
productivity. Besides, there is little, if any, documentation of different alternative methods 
used by resource-limited farmers to control fleas of free-range chickens in the Eastern Cape 
Province of South Africa. This, therefore, necessitates the documentation and validation of 
the potential insecticidal properties of these remedies. Lack of transfer of ethno-veterinary 
knowledge to the young generation puts this knowledge at risk. Hence this study will 
contribute to the preservation of cultural heritage and scarce information through 
documentation of the ethno-veterinary medicine used to control fleas in free-range chickens. 
 
1.3 Main objective 
The main objective of this study was to establish, document and validate alternative remedies 
used for controlling fleas in free-range chickens by resource-limited farmers of the Eastern 
Cape Province of South Africa. 
 
1.3.1 Specific objectives 
 To determine and document alternative practices used by resource-limited 
farmers to control fleas in free-range chickens; 
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 To determine the occurrence of chicken fleas in the study area; 
 To determine the insecticidal properties of selected alternative remedies in 
vitro; 
 To assess the dermal irritation effects on rats of the identified alternative 
remedies; 
 To validate the insecticidal properties of selected alternative remedies in vivo. 
 
1.3.2 Hypotheses 
 Alternative remedies used to control free-range chicken fleas have not been 
documented; 
 Fleas are not a problem in the rural areas of the Eastern Cape Province; 
 Alternative remedies do not have insecticidal properties as commercial 
insecticides; 
 Alternative remedies do not have dermal irritation effects on chckens as 
commercial insecticides; 
 Alternative remedies do not have insecticidal properties as commercial 
insecticides. 
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2 CHAPTER 2 Literature Review 
2.1 Introduction 
Free-range chicken keeping is an important agricultural activity of nearly all rural 
communities in Africa including South Africa (Kitalyi, 1998; Thekisoe et al., 2004) 
However, production levels of free-range chickens in many African countries are below 
desirable levels (Abubakar et al., 2007). The production system is still backward and suffers 
a serious set back such as poor management practices, malnutrion and external parasites such 
as fleas (Nyaile et al., 2003). The main objective of this study was to establish, document and 
validate ethno-veterinary remedies used as alternative methods for controlling fleas in free-
range chickens by resource-limited farmers of the Eastern Cape Province of South Africa. 
Literature regarding free range chicken fleas and their ethnoveterinary control remedies was 
reviewed under the following sub-headings: free-range chicken fleas, flea morphology, flea 
life-cycle, effects of fleas on free-range chickens and methods of flea control. 
 
2.2 Free-range Chicken Fleas  
World-wide there are approximately 2 800 flea species, while in South Africa about 100 flea 
species parasitize domesticated animals (McDermott et al., 2000). Fleas are obligate parasites 
of birds and mammals. Those occurring on chickens are only represented in five flea families 
i.e. Ceratophyllidae (68 species/84 subspecies), Leptopsyllidae (8/9), Pulicidae (5/5), 
Pygiopyllidae (10/1), and Rhopalopsyllidae (17/22), while the remaining species parasitize 
mammals (Whiting et al., 2008). The stick tight flea (Echidnophaga gallinacea) is one of the 
major external parasites of domestic chickens (Gallus gallus) (Boughton et al. 2006). They 
are found world-wide in the tropics and subtropics. They are reported to be the most ordinary 
fleas on dogs in some regions of South Africa, though they attack chickens as well (Horak, et 
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al., 2004). Free range chickens sometimes have clusters of these fleas around the eyes, comb, 
wattle and any other bare spots (Koehler and Pereira, 2008). 
 
2.2.1 Flea Morphology 
Adult fleas are approximately 1.5-4 mm in length and laterally flattened. They are dark 
brown in color, wingless, and have mouthparts that aid in both the piercing of the skin and 
sucking of the host’s blood (Koehler and Oi, 2003). Their bodies are laterally compressed 
permitting easy movement through the feathers on the chicken’s body. In addition, their legs 
are long well adapted for jumping (Richman and Koehler, 2007). The flea body is hard, 
polished and covered with many hairs and short spines directed backward. Eggs of fleas are 
oval shaped, smooth, pearly white in color and are tiny (0.5 mm), but visible to the naked 
eye. The larva are 6 mm in length, these are maggot-like, creamy/yellow in color and have 
thirteen segments with bristles on each segment (John, 2006). 
 
2.2.2 Flea life-cycle 
Fleas are holometabolous insects, completing developing in four distinct stages. A blood 
meal is required by both sexes to initiate reproduction, with mating and ovipositioning 
beginning within 20-36 hours after feeding on a host (Koehler and Oi, 2003; McCoy et al., 
2008). Female fleas deposit twenty tiny eggs per day, loosely in the feathers. The eggs readily 
fall off the host onto the ground (Koehler and Oi, 2003). The adult females forcibly emit their 
eggs so that they reach surrounding litter (Philips, 2005; Agboola et al., 2007). Generally, 
after 2-14 days eggs, hatch into larvae. Larvae are blind; they avoid light, and take a week to 
fully develop having passed through three larval stages. The food of larva consists of digested 
blood from the adult flea faeces, dead skin, feathers and organic debris (Koehler and Pereira, 
2008). Pupa pupates to adulthood within a cocoon woven by the larva to which dust and other 
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debris adhere. After about five to fourteen days adult fleas emerge from the cocoon. The 
alarm clock that awakens the adult flea may include the detection of vibration of animal 
movement pressure, heat, noise or carbon dioxide (a potential blood meal) (Richard and 
Koehler, 2007). Immediately upon emergence, fleas display active host finding behaviour, 
orienting towards light to jump on a passing host, once on the host fleas begin feeding 
causing terrible effects (McCoy et al., 2008). 
 
2.2.3 Effects of fleas on free-range chickens 
Fleas feed on chicken blood causing severe blood loss leading to anaemia which eventually 
causes death of the chickens (Salam et al., 2009). Fleas are important vectors of diseases such 
as Bartonella hensalae and mainly infest domestic animals like chickens, cats and dogs. 
Salivary allergens cause allergic reactions such as the popular urticaria (McDermott et al., 
2000). There are two most common fleas of veterinary importance which are Ceratophyllus 
gallinae and Echidnophaga gallinacea, and both are parasitic to free range chickens (John, 
2006). Female E. gallinacea, burrows into the comb or wattles of chicken following 
fertilization. A nodule results from this activity and within this nodule the eggs are laid. The 
burrowing into and subsequent emergence of larvae cause pathology to the skin tissue and 
can result in areas of ulceration (Agboola et al., 2007). Fleas attach mainly on unfeathered 
areas of the chicken behind the eyes and wattles causing severe irritation, in some cases eyes 
of the host swell leading to blindness (Harun and Massango, 2001; Koehler and Pereira, 
2008). Their bites leave wounds which become portal entry for infection (Philips, 2005). 
Fleas are responsible for the majority of dermatological cases, including flea allergy 
dermatitis (McTier et al., 2000; Mehlhorn et al., 2005). All these would eventually affect 
chicken productivity by reducing quality and quantity of eggs and meat. Despite the negative 
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effects caused by flea on free-range chickens their control measures have, however, been 
rarely implemented by resource-limited farmers. 
 
2.3 Methods of controlling fleas 
There are various methods of flea control measures implemented by farmers in developing 
countries. Most commonly used are commercial and ethno-veterinary remedies which are 
discussed below. 
 
2.3.1 Commercial insectcides 
Chemical control of fleas can be achieved with insecticides, which are formulated as coarse 
or fine sprays, and dust sprays (Boone et al., 2001). Treatment of E. gallinacea is very 
difficult because the fleas are embedded in the host’s flesh (John, 2006), however the 
insecticides used for flea control vary widely in efficacy (Moses, 2006). Echidnophagia 
gallinacea are mainly controlled by use of insecticides such as 5% Malathion and 5% 
Carbarly which are dust formulations. It is important to dust both chickens and chicken 
houses for effective control (Rob, 2000). When applying the product, indivduals have to bear 
in mind that the insecticide should not come into contact with the chicken’s eyes which may 
cause blindness (Koehler and Pereira, 2008). The chicken house should be cleaned and 
rigorously sprayed with an insecticide, such as Runnel 1% solution. Habit variations and 
parasite biology among flea species are important considerations when control measures are 
to be implemented. Commercial insecticides tend to contaminate the environment, can be 
harmful to other non-target species and leave persistent residues (Rust, 2005; Macan et al., 
2006; Snyder et al., 2007). They are also expensive and unaffordable to resource-limited 
farmers; as a result the farmers have resorted to the use of traditional means to control fleas in 
free-range chickens (Anthony et al., 2005). 
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2.3.2 Use of alternative remedies to control fleas 
Ethno-veterinary medicine (EVM) is the scientific term for traditional animal health care 
(Kaikabo et al., 2005; Lans et al., 2007). Research into ethno-veterinary medicine is often 
conducted as part of a community based approach that serves to improve animal health and 
provide basic veterinary services in rural areas (Lans et al., 2007). Use of EVM is gaining 
recognition in most of the developing countries especially because of its greater accessibility, 
lower costs and apparent effectiveness (Mwale et al., 2005; Mokwala, 2007). As a result this 
has generated a lot of South African researchers to venture into EVM field work 
investigations and they are coming up with promising results (McGaw and Eloff, 2008). 
 
In British Columbia, Panella et al. (2005) reported the use of citrus fruits as a repellent 
against fleas. This is attributed to nootkatone, a compound present in citrus fruits which 
possesses some repellent properties against fleas. Also terpinen-4-ol found in citrus fruits, 
Artemisa salsoloides, Juniperus communis fruit and Lavandula x hybrida have insecticidal 
activities (Priestley et al., 2006; Cetin et al., 2007; Duke, 2008) against fleas. Fresh stems of 
Lavandula officinalis are crushed and put in chicken houses to repel fleas. Furthermore, 
farmers in British Columbia plant cedar trees to repel fleas and fresh lavender, citrus, lemon 
balm and mugwort are used in order to control fleas (Lans, 2008). In addition they use 
Melissa officinalis which contains compounds that have insecticidal activity against fleas 
(Duke, 2008). Carvacrol, a new flea control agent is present in many commonly used herbs 
including M. officinalis (Panella et al., 2005; Duke, 2008). 
 
In Australia, Guerrini and Kriticos, (1998), evaluated the efficacy of Azadirachta indica 
against fleas. The plant showed an efficacy of 95% for 20 days. The insecticidal property of 
A. indica is due to the active principle, the limonoid azadirachta (Guerrini and Kriticos 1998). 
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Azadirachta indica is the most potent natural insect antifeedant, which suppresses insect 
feeding at concentrations less than 1 ppm (Ishman, 1989). According to Alawa et al. (2002), 
in Nigeria, smoke from Nicotiana tabacum is used to control fleas and ticks. In addition, fleas 
are removed by using tweezers or by smothering them with petroleum jelly (Teresa, 2001) 
and smearing a light coat of an oily substance, such as olive oil on the infested parts which 
quickly makes parasites to suffocate (Greg, 2001). 
 
Watt and Breyer-Brandwijk (1962) reported that in Zimbabwe Thamnosma africana is used 
to repel fleas. The leaves of this plant are placed in chicken houses heavily infested with fleas 
and eventually the parasite will disappear. In addition, other workers like Harun and 
Massango (2001); Muchadeyi et al. (2004) reported that farmers topically apply liquid 
paraffin on fleas infested sites. Also, in Zimbabwe Matekaire and Bwakura (2004) reported 
that branches of Aneilema hockii are placed near chickens infested with fleas and fleas are 
attracted by the herb leaving the animals. In Malawi farmers use Mucuna puriens and 
Tephrosia vogelii as insecticides against fleas (Kambewa et al., 1997). Tagetes minuta is used 
as a repellent against chicken external parasites like fleas in poultry houses and treatment of 
mites (Okitoi et al., 2007). 
 
In South Africa a mixture of paraffin, wood ash and sand is used to control external parasites 
in chickens (Swatson et al., 2001). The roots of Acacia karoo Hayne are used to kill external 
poultry parasites in the South West Province (Dold and Cocks, 2001). On the other hand, a 
study by Fourier et al. (2005) revealed that powdered Aloe ferox had no significant 
insecticidal effect on fleas. While farmers in South Africa perceive that oral administration of 
A. ferox renders blood of chickens bitter and unpalatable thus helping to control fleas 
(Personal communication with farmers). Nonetheless, medicinal plant use is threatened due 
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to high deforestation rates, urbanization and overexploitation. As a result there is need for the 
documentation of plants used in ethno-veterinary practices so that the knowledge can be 
preserved, plants conserved and sustainably managed (Njoronge and Bussmann, 2006). 
Besides, there are some draw backs and merits in using the ethno-veterinary medicines used 
by the resource-limited farmers. These are yet to be discussed below. 
 
2.3.3 Advantages of alternative medicine 
Ethno-veterinary medicine is of specific value in developing countries where commercial 
drugs are often beyond the reach of chicken producers (Kolawole et al., 2007). In addition, 
EVM can play an important role in grass Roots development, which seeks to empower 
resource-limited farmers by enhancing the use of their own knowledge and resources (Iqbal 
et al., 2005). Overtime, this information has got scattered and diffused. Traditional practices, 
however, still form the building blocks on which the foundations of development lie 
(Kolawole et al., 2007). 
 
In view of their struggling economies in addition to the escalating cost of commercial drugs, 
there is little prospect that a significant percentage of resource-limited farmers will replace 
their EVM practices in the foreseeable future (Iqbal et al., 2005). Reduction in poverty of the 
resource-limited farmers is, therefore, possible if an economical solution is provided to the 
animal production problems like heavy flea infestation load (Iqbal et al., 2005). Also, farmers 
rely on local knowledge, materials and equipment which are locally available at reasonable 
cost and culturally acceptable (Mathias, 1996; Martin et al., 2001). Ethno-veterinary 
medicine provides valuable alternatives and complement commercial drugs. In some cases, a 
combination of modern and local remedies and management practices is preferable (Mathias, 
1996). This is increasingly evident in the West where herbal medicine is becoming 
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mainstream (Iqbal et al., 2005). Above all EVM are usually easily administered, either 
topically or orally. In summary the advantages which are ascribed to ethno veterinary 
medicine include local availability, lower cost, effectiveness and one treatment may be for 
various ailments (Kolawole et al., 2007). 
 
2.3.4 Disadvantages of alternative medicine 
Ethno veterinary medicines have some drawbacks which include seasonal unavailability of 
plants, whereby some plants are available only at some times of the year (Masika et al., 
2000). Also, plant harvesting and preparation can be laborious and large scale applications of 
EVM are often impractical due to the bulk of raw material required for treatment (Mathias-
Mundy and McCorkle, 1989). There is the possibility that some ethno veterinary medicines 
are totally ineffective and are harmful. Furthermore, dosages are uncertain and there is lack of 
standardization, (volumes and/or concentrations are often variable) (Martin, et al., 2001; 
Fielding, 2001) which might lead to under dosage resulting in ineffective use of the remedy. 
Efficacy is variable, depending on season, environment, method of preparation and few 
remedies have been clinically validated (Fielding, 2001; Wickens, 2004). Knowledge on 
ethno-veterinary medicine varies from region to region as well as within and among 
communities (Matekaire and Bwakura 2004), and further dissemination of such kind of 
information is limited. In addition, traditional diagnoses may be inadequate typically 
identifying symptoms rather than underlying causes of disease. Also some of the plant 
species are extinct, making ingredients unavailable for preparing medicines (Mathias and 
McCorkle, 1989). Ethno veterinary medicines are often not as efficient and potent as 
commercial medicines and inconveniences are experienced in the use and preparation of 
certain remedies. They may, therefore, be less suitable to control and treat epidemic and 
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endemic infectious diseases (Martin, et al., 2001). Ethno veterinary medicine is ineffective 
against acute viral diseases in animals (Fielding, 2001; Martin, et al., 2001; Wickens, 2004). 
 
2.4 Summary 
Free-range chickens are vital for income generation and improving nutritional status of the 
rural livelihoods in in South Africa (Thekisoe et al., 2004). The productivity of the free-range 
chickens is however, undermined by flea infestations. Basically, fleas are controlled through 
the use of commercial drugs, however lack of knowledge on their use by many resource-
limited farmers, exorbitant prices, and distance from shops of these drugs make them 
unreacheable to resource-limited farmers. This has, therefore resulted in farmers resorting to 
cheap, readily available and culturally accepted EVM. Ethnoveterinary information is 
transmitted orally from generation to the other and hence the danger of extinction. It is, 
therefore, vital to document ethnoveterinary medicine so that the knowledge can be preserved 
avoiding distortion. The objective of the study was to identify external parasites of free-range 
chickens, document and ascertain the effectivenss of ethnoveterinary medicine that are used 
by resource-limited farmers to control fleas in free-range chickens in the rural areas of the 
Eastern Cape of South Africa. 
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3 Chapter 3: A survey of external parasites of free-range chickens and 
their ethno-veterinary control remedies used by resource-limited 
farmers in Eastern Cape, South Africa 
(Submitted to African Journal of Agricultural Research) 
Abstract:  
In most rural areas, chicken infestation with external parasites poses a challenge to free-range 
chickens’ productivity and associated benefits. External parasites cause anemia, reduces 
growth, egg production and may lead to death. The parasites are mainly controlled by 
commercial remedies, although resource-limited farmers resort to using alternative remedies 
which are available and affordable. This study was conducted to document external parasites 
of free-range chickens and ethno-veterinary control remedies used by resource-limited 
farmers to control these parasites. A questionnaire survey was conducted amongst 93 
households, 3 of which were herbalists, in Eastern Cape, South Africa. The farmers 
considered several external parasites to be a problem: mites (79.6%) stick tight fleas (64.5%), 
lice (10.8%) and ticks (6.5%). Various ethno-veterinary remedies were used to control these 
parasites; ash (28%), madubula (26.7%) and Jeyes fluid (10%) both of which are comprised 
of 13% carbolic acid, paraffin (8.4%), plants (5.2%), used engine oil (2.8%), dip wash 
(2.5%), doom spray (d-phenothrin 0.4%), blue death (permethrin 0.03%) (1.9%), diesel 
(1.9%), smoke (0.9%) and a few (4.2%) used conventional insecticides namely karbadust 
(carbarly 5%) and mercaptothion 5%). A small proportion (7.5%) does not use either of the 
remedies. The study revealed that resource-limited farmers use alternative insecticides to 
control chicken external parasites. 
 
Keywords: Chicken productivity, fleas, Jeyes fluid, control, ethno-veterinary,  
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3.1 Introduction 
Free-range chickens constitute a significant contribution to human livelihoods and contribute 
significantly to food security of poor households (Gondwe, 2004). However, external 
parasites undermine and limit chicken productivity and associated benefits by sucking blood, 
causing aneamia, reducing egg production ultimately leading to death if not controlled. The 
high incidence of external parasites is a major constraint in South Africa (Wilson, 1986). 
Various external parasites have been reported in free- range chickens, the most common 
ectoparasites in South Africa included mites, fleas, lice and ticks (Dlamini, 2002). In most of 
the developing countries inappropriate housing and lack of appreciable pest control efforts 
also lower their production potential because of parasitic infestation (Mungube et al., 2006). 
 
Ideally external parasites of chickens are controlled using commercial remedies; however, 
these are expensive and out of reach of resource-poor farmers (Gueye, 1997). In many 
developing countries, resource-limited farmers have resorted to the use of alternative 
remedies to treat and control livestock parasites. This is attributed to inefficient veterinary 
health care systems due to poor staffing and to veterinary drugs being too expensive for 
farmers (McCorkle, et al., 1996). Knowledge of ethno-veterinary medicine (EVM) like any 
other traditional knowledge system is transmitted orally from generation to generation 
(McCorkle et al., 1996) and it is disappearing because of rapid socio-economic, 
environmental and technical changes. This study was, therefore, conducted to document 
external parasites of free-range chickens and their alternative control in the rural areas of 
Amatola basin in the Eastern Cape Province, South Africa so as to conserve it. 
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3.2 Materials and method 
3.2.1 Study site 
Amatola Basin is found in the Amathole district of the Eastern Cape Province of South 
Africa. It has 13 villages, out of which 7 participated in the study. The area has an altitude of 
1 807 m above sea level, and lies within latitude 32° 31.00 - 32º 45.00 S and longitude of 26° 
57.00-27º 02.00 E on the Eastern slopes of the Amatola mountain range (Bembridge et al., 
1982). The area has an average summer daily minimum temperature of 23°C and the 
maximum range is 31°C. It receives an average annual rainfall of 580-800 mm (ISCW, 
2008). 
 
3.2.2 Sampling procedure 
Villages under study were randomly selected and subsequently households that keep chickens 
were identified using the snowball sampling technique, where respondents were asked to give 
referrals to other persons believed to fit the study requirements. Interviews were conducted 
amongst 93 chicken farmers, of which three were herbalists. 
 
3.2.3 Data Collection 
Data were collected through the use of questionnaires. Questions on problematic parasites, 
their description and their control were asked. Three herbalists were consulted on plants used 
in the control of parasites. Plant samples were collected with the aid of herbalists and 
resource-limited farmers. These were pressed and further authenticated at the Albany 
Herbarium in Grahamstown, voucher specimens were prepared and deposited in the Giffen 
Herbarium at the University of Fort Hare. 
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3.2.4 Data analyses 
The collected data were analyzed using the Statistical Package for the Social Sciences (SPSS, 
2000). Descriptive statistics and cross tabulation were computed. 
3.3 Results 
The majority of respondents (97.8%) acknowledged external parasites to be a problem in 
their chickens. Common external parasites perceived to be a problem by farmers were mites 
Dermanyssus gallinae (79.6%), fleas Echidnophaga gallinacea (64.5%), lice Menacanthus 
stramineus (10.8%) and ticks, Argas persicus (6.5%), all of which are reported to be more 
frequent during summer. Mite infestations especially during periods of high temperatures, 
such as in summer were reported to contribute to high incidences of egg abandonment by 
incubating hens as perceived by 50% of the respondent. This explains the reason why their 
chickens produce fewer chicks during summer. Few farmers (30%) did not have separate 
shelter for the chickens, but accommodated them in their houses. There were a number of 
alternative remedies used to control external parasites (see Table 3.1). A few farmers (4.2%) 
used commercial drugs which included carbaryl 5% and mercaptothion 5%. Of the 
respondents using commercial insecticides, 14.4% are employed. About 85.6% of the 
respondents depend on government grants for their income. Only few plants were also used 
in the control of external parasites (Table 3.2) and they propagate natural. The alternative 
remedies used in the control of external parasites were applied in different ways. Used engine 
oil and paraffin were brushed externally on the chicken feathers and the skin without being 
diluted. Jeyes fluid and madubula (Carbolic acid 13%) were diluted as per the manufacture’s 
instructions, to make a solution in which the chickens are dipped. The remaining solution was 
used to disinfect the fowl runs.  
Farmers reported no side effects on chickens after treatment using alternative remedies. 
Experience on use of alternative remedies ranges from 10 to 20 years, with knowledge being 
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shared from their parents (47%), neighbours (34%) and from friends (19%). About 95% of 
the respondents claimed that alternative remedies were effective in controlling external 
parasites and were affordable to them.  
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Table 3.1: Alternative control methods of external parasites of free range chickens  
Method  Application method % of farmers who used the method 
Plants (smoke Cold/hot ash) dusting 35.1 
Madubula (Carbolic acid 13%) dipping 26.7 
Jeyes fluid (carbolic acid 13%) dipping 10.8 
Paraffin smearing 8.4 
Used engine oil smearing 2.8 
Dip wash dipping 2.5 
Doom Spray (d-phenothrin 0.4%) spraying 2.4 
Blue death (permethrin 0.03%) spraying 1.9 
Diesel smearing 1.9 
Not using anything - 7.5 
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Table 3.2: Plants used in controlling external parasites of chickens in Amatola Basin 
 
 
 
 
 
 
 
 
 
 
Family/Scientific 
name 
Common/ local name Part used Preparation method Route of  
administration 
Asteraceae  
Tagetes minuta 
 
Mexican marigold/unukanuka leaves Crushed and soaked in water 
over night (infusion) 
Dipping 
Fabaceae 
Calpurnia aurea 
 
Natal laburnum/umhlahlampetu leaves Crushed and soaked in water 
overnight (infusion) 
Dipping 
Euphorbiaceae 
Cultia pulchella 
Warty-fruited clutia/umbheza leaves Crushed and soaked in water 
overnight (infusion) 
Dipping 
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3.4 Discussion 
The study revealed external parasite infestations in chickens to be a major concern during 
summer when conditions are conducive to the breeding of parasites, as also reported by 
(Mungube et al., 2006). Parasites that were perceived to be problematic in this study are 
similar to those previously reported by Permin et al., (2002). This could be due to external 
parasites of free-range chickens being common in the tropics where the standard of 
husbandry is generally poor and climatic conditions are favourable for parasite development 
(Phiri et al., 2007). Some farmers did not provide appropriate housing for their chickens, due 
limited resources. As a result they shared houses with chickens, in an attempt to protect the 
chickens and their eggs from predation and theft. However, the resource-limited farmers 
acknowledged the need to provide shelter for their chickens. Sharing accommodation 
especially with incubating hens is speculated that external parasites like mites, fleas, ticks and 
lice lead to parasitise humans too (Mungube et al., 2007; Soulsby, 1982) thus causing 
cutaneous reactions such as popular dermatitis and urticaria (Beck, 1999). 
 
Mite infested chickens especially during the hotter periods of the year, were perceived to be 
the main cause of incubating hens to abandon eggs. This is a phenomenon also reported in an 
earlier study (Gordon and Jordan, 1982), which is attributed to parasites causing distress and 
discomfort to the chickens (Mungube et al., 2007). It is speculated that broody hens tend to 
leave eggs before they are hatched hence leading to low hatchability and ultimately reduced 
production. Therefore, farmers resort to selling or eating the eggs rather than losing them 
through decay. Farmers in this study isolate or quarantine chickens coming from outside their 
flocks by housing them separately and giving them feed for some days, this is a practice also 
documented by Mungube et al. (2007). Generally, isolation of chickens new to the flock is 
done to observe those that might show signs of disease or parasites and are then later treated. 
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As a result this minimizes the risk of transmitting diseases and external parasites to those 
chickens which are not infected or infested. 
 
The majority of farmers in this study, many of whom depend on government pensions, are 
unable to buy commercial drugs hence they use alternative remedies. Jeyes fluid (Adcock 
Ingram, Bryanston South Africa) one of the most widely used is a commercial product, used 
as a household disinfectant. It contains mainly tar acids-13% m/m (carbolic acid) and sodium 
hydroxide (1%). Carbolic acid is noted to be an antiseptic and disinfectant (Henriette, 2009). 
In addition, Jeyes fluid is corrosive with a potential to cause adverse effects on skin and eyes. 
With prolonged and repeated skin contact it may result in irritation, skin dermatitis, blisters 
and burns (Chem Alert Report, 2009). On the environment, it has the potential of being lethal 
to aquatic life (Chem Alert Report, 2009). As a result Jeyes fluid should be discourage 
through participatory interventions. 
 
The non-plant materials used in the control of external parasites in the present study are 
similar to those in a study done in Botswana (Moreki and Masupu 2001). In Zimbabwe, 
Muchadeyi et al. (2004) reported that farmers used paraffin topically to control fleas on the 
infested area. The remedies which are applied by rubbing or smearing tend to have a direct 
contact with the parasites. Although being used, farmers in this study cautioned the use of 
paraffin. This is due to the fact that it burns the skin of the chickens (Paraffin Safety 
Association Southern Africa, 2009) and causes severe eye and skin irritation on humans as 
also reported by Loden, (2005). As a result caution should be practised when using paraffin. 
Doom spray (d.phenothrin 0.4%) (Tiger Consumer Brands Limited, Bryanston South Africa) 
was also used to control free-range external parasites in this study. D-phenothrin is a type 1 
pyrethroid with a low level of toxicity registered for use against external parasites that affect 
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humans and animals (Go et al., 1999). A study by Murugaiyah, et al. (2004) reported that 
d.phenothrin 0.4% had an efficacy of 90% against ticks. Pyrethroids are considered to be 
axonic poisons in insects they block transmission of pulses along axons and eventually cause 
paralysis in insects being controlled (Price et al., 2002). 
 
Blue death (permethrin 0.03%) (Adcock Ingram, Bryanston, South Africa) is a broad 
spectrum synthetic pyrethroid insecticide used against a variety of insects. It kills insects on 
contact by exciting their nervous system making them sensitive to stimuli from sense organs 
(Baser et al., 2003). The permethrin’s mode of action results in controlling external parasites 
of free range chickens. However, in a study conducted by Haustein et al. (2002) permethrin 
was reported to be used in the treatment of head lice. According to Spencer et al. (2003), 
permethrin has an effective repellent activity against mosquitoes and flies. Permethrin binds 
to sodium channels causing a slowing of their rate of closure resulting in repetitive firing of 
nerves, depolarization and nerve block (Mervyn, 2004). Permethrin 0.03% has a low to 
moderate persistence in the soil environment and is readily degraded in soil and water 
(Spencer et al., 2003). As a result its use in the control of external parasites can be 
recommended. 
 
In addition, farmers also used, used engine oil to control external parasites in chickens. As 
previously reported, used engine oil is effective in controlling cattle ticks (Moyo and Masika, 
2009; Mbati et al., 2002). Used engine oil contains some toxic components like lead, 
chromium, copper, zinc that can directly kill some plants and animals or become 
concentrated in plant and animal tissues (Environmental Services, 2009). Residues of toxic 
components of used engine oil in plants and animal products might be harmful when 
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consumed by humans (Environmental Services, 2009). Considering the side effects of used 
engine oil its use should not be promoted. 
Three plants were found to be used in the control of external parasites of free-range chickens 
Tagetes minuta, Calpurnia aurea and Cultia pulchella. Tagetes minuta is reported to contain 
α-terpineol, β-ocimene, dihydrotagetone and ocimenone (Moghaddam et al., 2007). Terpens 
in the T. minuta have toxic effects against mosquitoes (Perich et al., 1995). Also the 
insecticidal activity of T. minuta has been reported against human lice Pediculus humanus 
capitis (Ivanice et al., 2004) and is said to possess some repellent properties to external 
parasites of chickens (Okitoi et al., 2007). Tagetes minuta was also reported by Moyo and 
Masika (2009) to control ticks in cattle in the Eastern Cape, whereas in the current study it 
was used for controlling any external parasite in free-range chickens. 
 
Farmers in South Africa use the leaves and powdered root of Calpurnia spp. to kill lice, 
maggots and to relieve irritation on animals (Adedapo et al., 2008). In the current study 
farmers used C. aurea (Ait) Benth to control fleas and lice. The extracts of the leaves in 
particular are used for killing lice and ticks in cattle (Hailu, 2004). It has been found to 
possess some insecticidal properties (Waka et al., 2004). Different alkaloids of C. aurea have 
been isolated and these include calpurnine virgiline and virgiline pyrrolecarboxylic acid ester 
(Isao et al., 1984). These compounds are insecticidal at low concentrations and frequently 
toxic to external parasites (Isao et al., 1984). 
 
Cultia pulchella has a wide distribution in South Africa and belongs to the plant genus of 
family of Euphorbiaceae (Terblanche and Van-Hamburg, 2007). Although it was identified 
as one of the plants used in the control of external parasites in this study, not much 
information is available in the literature about its insecticidal activities. This plant is mainly 
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known by herbalists/ traditional practioners who do not disclose their knowlwdge to other 
farmers. Similar to findings by Swatson et al. (2001), respondents in this study also used 
wood-ash to control external parasites. As previously reported by Moreki and Masupu (2001) 
the ash is sprinkled in the chicken house hot or cold. Cold ash dust is reported to be more 
abrasive than ordinary soil dust. It removes the waxy coating of the insect exoskeleton when 
the chicken bath on ash. If enough of the waxy coating is removed, the insect will then 
dehydrate and die (Sonaiya and Swan 2004). This explains how cold ash controls external 
parasites. Hot ash is applied when chickens are not in the fowl-run. It would burn any parasite 
found in the fowl-run, hence reducing the infestation levels (Moreki and Masupu 2001). Use 
of ash is one of the common practice implemented by most rural farmers and has been 
perceived to be effective. 
 
There are several studies particularly in Africa which found that smoke produced from 
burned materials is effective to drive away external parasites (Karunamoorthi et al., 2008; 
Seyoum et al., 2002; Lukwa et al., 1999). Smoke is a common method of repelling biting 
insects that is used worldwide. Fresh or dried plants are frequently added to fire to enhance 
the repellent properties of the smoke (Karunamoorthi et al., 2008). Lukwa et al. (1999) 
reported that 13% of rural Zimbabweans use plants to enhance smoke to repel external 
parasites. Thirty-nine percent of Malawians burn dung and leaves (Ziba et al., 1994) while in 
this study almost 1% of farmers used smoke to repel external parasites. A study in Kenya by 
Seyoum et al. (2002) reported that 100% of the farmers burned plants to repel mosquitoes. 
These studies indicated that natural fumigants are extensively used to drive away blood 
sucking insects across Africa. 
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Also farmers use cattle-tick dip wash which is a solution of Triatix TR 500 (Amitraz 50 %) 
and water to control external parasites of chickens. They collect the dip wash from the 
communal plunge dip during the dipping of cattle. They immediately submerge the whole 
chicken’s body in the solution. It has been also reported to be highly effective against animal 
external parasites such as mites and ticks (Young et al., 2005). It is a broad spectrum 
acaricide widely used for cattle, sheep and goats. It kills the parasites by attacking the central 
nervous system (Tokman et al., 2009). 
 
The use of diesel to control external parasites has also previously been reported by Davies 
(2009) where diesel was applied on the skin to treat external parasites of chickens. Light 
diesel oil is smeared on the infested site; hence the parasite will suffocate and die (Davies, 
2009). However it can be toxic to chickens hence great care must be exercised when using it. 
 
3.5 Conclusion 
The study revealed that the most problematic external parasites of free-range chicken were 
mites, lice, fleas and ticks as perceived by farmers. To control these external parasites, 
resource-limited farmers used a wide range of alternative remedies. The commonly used 
included ash, Jeyes fluid (carbolic acid 13%), used engine oil, paraffin and a few plants T. 
minuta, C. pulchella and C. aurea. It is however, imperative to determine the existence of the 
perceived external parasites in free-range chickens, which is to be accomplished in the 
subsequent Chapter. 
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4 CHAPTER 4: A diagnostic survey of external parasites of free-range 
chickens in the rural areas of Eastern Cape, South Africa 
(Submitted to Parasitology Research) 
 
Abstract 
External parasites cause retardation in growth, poor condition and low productivity in free-
range chickens. However, information is lacking on the occurrence of external parasites of 
free-range chickens in the rural areas of the Eastern Cape, South Africa. A study was 
conducted to determine the occurrence and identify external parasites in free-range chickens. 
Fifty chickens were randomly selected and examined for external parasites. Different types of 
external parasites were present in free-range chickens of Amataloe basin in the Eastern Cape 
Province of South Africa. The majority (96%) of chickens harboured at least one species of 
external parasite; Fleas, (Echidnophaga gallinacea) (50.7%); lice Menopon gallinae (12.4%); 
Menacanthus stramineus (5.3%) and mite Knemidocoptes mutans (0.57%). Cocks, broody 
hens and hens had a significantly (p<0.05) higher loads of external parasites than chicks.  
 
Key words: Free-range chickens; external parasites; infestation; occurrence 
 
4.1 Introduction 
Almost every household in rural areas of South Africa keeps free-range chickens as shown in 
Chapter 3 mainly for food security, socio-economic, religious and cultural aspects (Swatson 
et al. 2001). The rearing system of free-range chickens however, differs, depending upon the 
prevailing agro ecosystem and the resources available (Kumaresan et al., 2008). Free-range 
chicken production systems are run by farmers implementing their local knowledge of 
breeding, feeding and health practices (Abdelqader et al., 2007). Under this system the free-
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range chickens have good adaptation to harsh environmental conditions. Low-input low-
output production system for free- range chickens conforms well to the socio-economic 
conditions of rural farmers. Inappropriate housing and lack of appreciable pest control efforts, 
however, reduce chicken productivity because of parasitic infestation (Mungube et al., 2006). 
 
Like other domestic livestock species, free range chickens (Gallus gallus) also suffer from 
serious health and productivity consequences when infested by external parasites (Mungube 
et al., 2008). The free-range chickens are at constant risk of infestation by external parasites, 
as perceived by resource-limited farmers in Chapter 3, mainly lice, mites (feather, body and 
leg mites), and soft ticks, which is attributed to their feeding habit. This is because they 
scavenge and forage for feed to meet their nutritional requirements (Poulsen et al. 2000; 
Permin et al. 2002; Mungube et al., 2006) hence exposing themselves to parasites 
infestations. External parasites affect the chickens by causing irritation, loss of weight, skin 
lesions that may be site of secondary infection, sucking blood, hence leading to anemia and 
death at times (Mullen and Durden 2002). Irritation results in chickens concentrating at 
scratching their bodies at the expense of feeding (Permin et al. 2002) hence they do not 
perform as expected. Lice cause multi-focal skin lesions on the affected birds and leg-scale 
mites cause inflammation with exudates and subsequently keratinization of the legs (Permin 
and Hansen 1998; Njunga 2003; Prelezov and Kolnarski 2006). In addition, external parasites 
act as mechanical or biological vectors transmitting a number of pathogens (Salam et al., 
2009). Fleas are a vector of bacterioses (Bartonella spp., rickettsiosis) and the intermediate 
host for filarid and cestode parasites and viroses (Mehlhorn et al., 2005; Merck Veterinary 
Manual 2006). 
The occurrence and intensity of parasitic infestations may be influenced by a number of 
epidemiological factors including host, sex, age, breed and environment (Nadeem et al., 
51 
 
2007). There is lack of information on the occurrence of external parasites of free-range 
chickens in rural areas of the Eastern Cape, South Africa. Resource-limited farmers (Chapter 
3) alleged that external parasites of free-range chickens are problematic. Hence the present 
study was conducted to examine the occurrence of external parasites in free-range chickens 
and to determine the most prevalent parasite which would inform subsequent experiments. 
 
4.2 Materials and methods 
4.2.1 Study site  
This study was conducted at Amatola Basin, in Amathole district of the Eastern Cape 
Province of South Africa. Three villages out of 13 in the Basin were randomly selected. The 
rest of the details are as described in section 3.2.1. 
 
4.2.2 Data collection  
Amatola Basin was stratified into villages, from which Komkhulu, Ndlovhura and Zixinene 
villages were randomly selected. Subsequently, snowball sampling technique was used to 
select 7, 11 and 12 households with chickens in respective villages. Meetings were held with 
the selected farmers to explain details and implications of the study. Chickens were given 
feed either out in the open or in their shelter depending on whether the chickens were housed 
or not, so that they could be easily caught and examined for the presence of external 
parasites. Fifty chickens comprised of 12% cocks, 26% hens, 24% broody hens and 38% 
chicks, non-descript breed, belonging to different age groups were examined for external 
parasites. A whole body inspection was done and all external parasites seen were collected 
and put into labeled bottles containing 70% ethanol to preserve the parasites. Further 
identification was done with the aid of a dissecting microscope (Kyowa optical model 5DZ-
PL-Italy), using keys by authors (Wall and Shearer 2001; Walker et al., 2003). 
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4.2.3 Data analyses 
Data collected were tested for normality with the aid of the General Linear Model (GLM) 
procedures of Statistical Analysis Systems (SAS, 2004) and thereafter Log 10 transformation 
was performed because the data was not normally distributed. Comparison of means among 
chicken classes was performed using the PDIFF procedure of SAS, (2004). Prevalence of 
individual parasite species was calculated as a percentage of the host population that was 
infested with a specific parasite at a point in time (Thrusfield, 1995). 
 
4.3 Results 
Of the 50 chickens examined, 96% were infested with one or more species of external 
parasites and 4% were not infested at all. Of the parasites collected, 80% came from 
households with poor housing for chickens and those who keep dogs and cats, while 20% 
came from households without housing for chicken and do not keep dogs and cats. It was 
observed that of the 30 households which participated in the study, 70% shared 
accommodation with chickens whereby chickens are kept in the kitchens overnight and 
released the following morning. The occurrence of various chicken external parasites found 
in the different predilection sites is summarized in Table 4.1. Most of the fleas attached on 
sites without or with fewer feathers. A total of 1 211 external parasites were collected from 
the chickens. There were four species of lice (M. gallinae. M. stramineus, Gonoides gigas 
and Gonoicotes gallinae, two of mites (Dermannyssus gallinae, K. mutans), one tick species 
(Rhipicephalus sanguineus) and one flea species (E. gallinacea). Echidnophaga gallinacea 
had a higher (p<0.05) occurrence in old chickens than in young ones. The occurrence of 
Knemidocoptes mutans was insignificant compared to other parasites, and it mostly infested 
adult chickens. The mean load of external parasites varied with chicken classes (Table 4.2). 
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Table 4.1: Location and occurrence of external parasites in chickens  
External parasite species  Location % Prevalence 
E. gallinacean 
M. gallinae 
 
 
Comb, wattles, eyelids and around ears 
Thigh, breast and areas near cloaca 
50.7 
12.2 
D. gallinae  Entire body 10.1 
R. sanguineus 
G. gigas 
 
 
Breast and around ears 
Thigh, breast and areas near cloaca 
8.3 
6.5 
G. gallinae  Base of feathers 6.1 
M. stramineus  Thigh, breast and areas near cloaca  5.3 
K. mutans  Lower limbs 0.57 
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Table 4.2: Mean load of various external parasites species on naturally infested free-range chicken classes  
Class  E. gallinacea M. gallinae G. gallinae G. gigas M. stramineus D. gallinae R. sanguineus K. mutans 
Chicks 4.39±1.956c 1.86±0.715c 0.31±0.552c 0.53±0.289d 0.39±0.706b 0.78±1.161c 0.42±1.115d 0.00±0.126d 
Hens 16.31±2.495a 4.86±0.911a 2.36±0.704a 1.72±0.369b 1.94±0.899a 2.22±1.116b 1.41±1.416c 0.63±0.121b 
Broody 
hens 
15.58±1.882a 2.64±1.185b 1.05±0.531b 1.23±0.289c 1.22±0.678a 6.03±1.480a 3.89±1.072b 0.33±0.160c 
Cocks 9.33±2.935b 4.17±1.072a 2.00±0.827a 3.50±0.435a 1.83±1.058a 0.50±1.742c 8.83±1.673a 1.00±0.190a 
a,b,c,d Means within a column with different superscript letters differ significantly 
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4.4 Discussion  
The study revealed that external parasites occur among free-range chickens in the study area. 
Almost all the chickens were found to harbor more than one type of external parasites. This 
observation is in accordance with other workers (Prevezov and Koinarski 2006; Sychra et al., 
2008). The external parasites identified included fleas, lice, ticks and mites as perceived by 
farmers see Chapter 3. The findings are in agreement with Ashenafi and Eshetu (2005). Fleas 
were, however, the most common in this study and this concurs with Mungube et al. (2008) 
who also reported fleas to be most common on free-range chickens in Kenya. The results are 
however, in contrast with those of Ashenafi and Eshetu (2005) who recorded lice to be the 
most common. Besides climatic conditions, these investigators did their work in different 
ecological locations where differences in breed and general husbandry practices would 
account for the difference in findings. The frequency of E. gallinacea (50.7%) was not 
comparable with the findings of Mungube et al. (2008) who recorded occurrence of 76.7% in 
a study conducted in Kenya. Also a study conducted in Zimbabwe (Permin et al 2002) 
reported high prevalence of E gallinacea 72% in adult chickens and 74% in chicks. While in 
India quite a low prevalence of 6.7% was reported (Rani et al., 2008). These differences in 
prevalence may be attributed to differences in geographical areas, sample size and period of 
study. Different geographical areas and period of study have different climatic conditions 
(temperature and humidity) which may alter the population dynamics of the parasites 
(Magwisha et al., 2002). In addition, a longer period of study might show the seasonal 
prevalence pattern of the parasites compared to the shorter one. Larger sample sizes depict 
the true reflection of what is on the ground compared to smaller sample sizes, hence the 
variation encountered. 
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In this study, households with dogs and cats reported many cases of fleas in chickens. This 
might be attributed to the fact that fleas also attack dogs and cats (Soulsby, 1982; Mungube et 
al., 2006). Fleas can move from one livestock to another when the environment is not 
conducive for their survival. In the rural set up dogs and cats are rarely dipped and this 
provides a breeding place for these parasites.  
 
The study supported that predilection sites of external parasites vary with animal species. 
Fleas were attached to the combs, wattles, and around the eyes of the chickens. This finding 
is in agreement with Soulsby, (1982). The predilection sites are soft tissues and where there is 
less feather coverage. This is why naked-neck chickens are very susceptible to flea infestation 
(Shanta et al., 2006). 
 
The study also revealed the occurrence of four species of lice, a result similar to those 
reported by Chaddha et al. (2005) who also identified M. gallinae. M. stramineus, G. gigas 
and G. gallinae. Most of these lice species are cosmopolitan and apparently highly adaptive 
to various geographical regions and climatic conditions (Njunga, 2003; Prelezov and 
Kolnarski 2006). In addition, external parasites can cohabit without causing any harmful 
effects on each other (Adang et al. 2008). It also suggests that the prevailing environmental 
conditions and free-range chicken management systems are favourable to the external 
parasites’simultaneous development. Menopon gallinae was the most dominant as reported 
previously by several workers (Saxena et al., 2004; Ashenafi & Ashetu 2005; Prelezov and 
Koinarski 2006). There was no significant difference in the M. gallinae load on cocks and 
hens. This is a similar observation as that of Senlik et al. (2005). Sex related physiology may 
not confer any differences in infestations. The study revealed the presence of G. gigas in free-
range chickens. Similar findings have been reported (Permin et al. 2002; Sadiq et al., 2004; 
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Sychra et al., 2008). This could be due to the fact that they are primarily found in tropic and 
subtropic climate (Gabaj et al., 1993). The high prevalence of lice in this study could be 
attributed to warm temperatures that are found at Amatola Basin in Eastern Cape Province 
which provide conducive environment for lice multiplication. 
 
The mite D. gallinae exhibited high occurrence and infested mainly broody hens. Broody 
hens have high prolactin levels which depress the immune system of the chicken to resist 
parasite infestation (Shanta et al., 2006). The resource-limited farmers reported that D. 
gallinae coupled with high temperatures is responsible for egg abandonment by the broody 
hens as also previously reported by Mungube et al. (2008). This adversely affects hatchability 
as the broody hens would leave the eggs. Dermanyssus gallinae is most prevalent in summer 
and the conditions will be favorable for its growth and multiplication (Mungube et al., 2008). 
The study also revealed that D. gallinae parasitizes humans, this concurs with Mungube et al. 
(2008) especially where they share accommodation with chickens. However, in such 
instances farmers are quick to intervene in the control of the external parasites because they 
are also affected. 
 
The finding that the mite, K. mutans had the least prevalence concurs with the findings of 
Shanta et al. (2006). Knemidocoptes mutans was mostly found in adult chickens and the 
findings are in agreement with reported literature (Permin et al., 2002; Arends, 2003; Shanta 
et al., 2006). This could partly be attributed to genetic factors. Morishita et al. (2005) 
reported that a genetic predisposition to Knemidocoptes infections has been suggested based 
on the observations that only a few chickens in a flock become infected. 
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Rhipicephalus sanguineus; the dog ticks, were one of the external parasites infesting 
chickens. The presences of R. sanguines which mainly infests dogs may be attributed to 
chickens scavenging through a wider area that exposes them to the source of infestation. Free 
range chickens scavenge for food in grassy areas where the ticks mostly stay searching for 
the host. Also this type of tick attacks any warm blooded animal (Jacobs et al., 2001). 
Controlling of ticks by dipping of dogs could probably reduce the incidence of tick 
infestation in free range chickens. 
 
High infestation levels of external parasites in cocks and broody hens revealed in this study 
agrees with findings by Okursoy and Yilmaz (2002). High infestations in cocks could be 
attributed to the fact that the male sex hormone testosterone makes the chicken more 
susceptible to parasitic infestation (Shanta et al., 2006). Furthermore, broody hens have 
increased levels of prolactin which depresses the body immune system (Jiang et al., 2005) 
and this probably explains why they were severely infested. On the other hand, broody hens 
usually spend most of their time incubating and less time is devoted to grooming, preening, 
parching and rocking. This could have contributed to the high levels of external parasite 
infestations. The adult free range chickens scavenge through a wider area of the farmers’ 
homesteads and beyond that make them more exposed to the source of infestation (Permin et 
al., 2002; Shanta et al., 2006). As a result, they have a diversity of parasites (Abebe et al., 
1997) than chicks which are sometimes confined. 
 
4.5 Conclusion 
The study revealed the presence of fleas, lice, mites and tick in free range chickens in 
Amatola basin. The most prevalent external parasites were fleas. It is therefore crucial to 
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assess in vitro the insecticidal properties of ethno-veterinary medicine used by resource 
limited farmers in controlling fleas of free-range chickens. 
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5 CHAPTER 5: Insecticidal properties of materials used by resource-
limited farmers to control fleas in free-range chickens in the Eastern 
Cape Province, South Africa. 
(Submitted to South African Journal of Science) 
Abstract: 
Fleas are obligate blood feeders, infesting free-range chickens thereby impeding their 
productivity. Commercial insecticides used in controlling fleas are expensive, many farmers 
lack knowledge on their use thereby resorting to low cost alternatives. The study was 
conducted to assess the insecticidal properties of alternative remedies used in controlling 
fleas in free-range chickens in the Eastern Cape. In vitro repellency and contact bio-assay 
models were used to assess the insecticidal properties of Tagetes minuta, Calpurnia aurea, 
Clutia pulchella, used engine oil, paraffin, Jeyes fluid (carbolic acid 13%) on fleas. Distilled 
water was used as the negative control. Positive controls for the repellency and contact bio-
assays, were Tabard (35% diethyltoluamide) and Karbadust (carbaryl 5%), respectively. 
Tagetes minuta at 100% concentration, was the most effective (p<0.05) demonstrating a 
repellency level of 75%. Clutia pulchella, C. aurea, used engine oil and paraffin showed 
insignificant repellency. The repellency of T. minuta, Jeyes fluid and Tabard lasted for 4, 5 
and 5 hours, respectively. For the contact bio-assay, 100% concentrations of C. pulchella, C. 
aurea produced flea mortality of 82.5 and 75%, respectively. Paraffin, used engine oil, and 
Jeyes fluid (19.2%) caused flea mortality which was not signicantly different from Karbadust. 
The materials assessed showed various degrees of insecticidal properties. This justifies their 
use by resource-limited farmers in South Africa. 
 
Key words: Fleas, medicinal plants, mortality, repellency 
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5.1 Introduction 
The previous study revealed fleas to be the most prevalent external parasites of free-range 
chickens in Amatola basin. These parasites impede chicken productivity as dicussed in 
Chapter 2. Additionally, flea infestation has been found to co-occur with fowl pox in chicken, 
a viral diseases spread by the flea bite (Boughton et al., 2006; Gyimesi et al., 2007). Despite 
the prevailing negative impact of fleas, which include reduced growth, production and death 
most of the resource-limited farmers carry out control measures irregularly. This could be 
probably due to financial constraints or ignorance (Kilonzo, et al., 2001). 
 
Currently, most flea control efforts by farmers worldwide are based on convenient animal 
spot-on treatments or oral medications (Dryden and Broce, 2002; Rust, 2005). The most 
widely used products are generally applied as spot-on on a monthly schedule (Holzmer et al., 
2007). Despite the variety of available products and different application methods, fleas 
remain a perpetual problem for many farmers and have developed resistance to a number of 
insecticides. As a result management strategies to reduce the development of resistance are 
needed (Rust, 2005). This could be addressed by searching for alternative flea control 
methods that are effective, economical and socially acceptable. Plants produce a diverse array 
of secondary metabolites with functions, such as defense against diseases and parasites 
(Pieters and Vlietinck, 2005).  As a result natural products, including plant extracts, might be 
suitable for such alternative approaches (Kilonzo et al., 2001). 
 
Basically fleas are controlled by use of commercial drugs; however their limitations are as 
discussed in Chapter 1. This has resulted in resource-limited farmers using low cost 
alternative remedies for animal health care. These are cheap, locally available and culturally 
accepted in their communities (Lans et al., 2008). Plant derived products are increasingly 
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being used to combat insects because they are natural and often assumed to be safe to the 
environment (Pannella et al., 2005; Isman, 2008). Plant derived products may possess 
complex chemical structures that are not available in synthetic compounds (McGaw and 
Eloff, 2008) hence they are potentially useful biologically active compounds (Pieters and 
Vlietinck, 2005). Plants are used as singles or in combinations by resource-limited farmers as 
reported by Masika and Afolayan (2003) that more than one plant species is combined for 
treating livestock in the Eastern Cape. On the other hand most remedies were used in the 
form of a single plant (Van der Merwe et al., 2001; Luseba and Van der Merwe 2006). The 
combinations are intended to attain increased potency due to synergistic interactions between 
the individual components, such that the combination is superior to individual herbal 
treatment alone (Adams et al., 2006). 
 
Moyo and Masika, (2009) revealed that farmers used various materials like Jeyes fluid, 
paraffin, used engine oil, plants which included T. minuta, C. aurea and C. pulchella to 
control fleas. There is however, dearth of information on insecticidal properties of materials 
used in the ethno-veterinary control of fleas. Therefore, the aim of the study was to assess the 
insecticidal properties of selected remedies used in ethno-veterinary control of fleas in free-
range chickens by resource-limited farmers in Eastern Cape, South Africa. 
 
5.2 Materials and methods 
5.2.1 Plant material collection  
The fresh leaves of Calpurnia aurea, Cultia culphella and Tagetes minuta L were collected at 
Umdeni village in Amatola Basin (32◦40′38″S, 26◦59′79″E) in the Amathole District, Eastern 
Cape Province, South Africa. The leaves were harvested at flowering stage. They were 
identified at Albany herbarium, Rhodes University. The leaves of C. aurea voucher No 
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SM01-010/2008, C. pulchella voucher No SM01-011/2008 and T. minuta voucher No SM01-
012/2008 specimens were deposited at the Giffen herbarium of the University of Fort Hare. 
 
5.2.2 Description of the materials used in the study 
Resource-limited famers of Amatola basin in Eastern Cape Province use various ethno-
veterinary remedies in the control of fleas. They are composed of plant and non plant 
materials which are described below. 
 
5.2.2.1 Clutia pulchella 
Clutia pulchella (Figure 5.1) is a sub-canopy shrub belonging to the Euphobiaceae family, 
commonly known as Warty-fruited clutia and is called uMbheza in Xhosa. It grows up to 1.5 
m in coastal scarp forest and deciduous woodland. Its primary distribution is kwaZulu-Natal 
and Eastern Cape Province of South Africa, but it stretches southwards to the Cape Peninsula 
and northwards along the eastern seaboard into Mozambique (Thompson and Edwards, 
2001). The leaves are ovate to elliptic or almost circular, thinly textured, pale green to grayish 
green above and bluish green below. Their venations are more or less translucent. The 
petioles are slender upto 25 mm long. The flowers are axillary, very small and are greenish 
white in colour. Its fruits are round about 5mm in diameter and slightly wart dehiscent 
(Thompson and Edwards, 2001).  
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Figure 5.1: Clutia pulchella 
5.2.2.2 Calpurnia aurea 
Calpurnia aurea (Figure 5.2) belongs to Fabaceae family and is commonly known as Natal 
laburnum, locally called uMhlahlampetu in Xhosa. It is a small, multi-stemmed tree (3-4 m) 
tall. The leaves are about 15-25 cm long, each bearing 5-20 pairs of ovate to oblong leaflets, 
light green and 2-5 cm long, ending with a terminal one. The flowers are bright yellow, in 
racemes and the fruits are flat brownish pods (Zorloni, 2007). The genus Calpurnia includes 
several species, some of which are confined to South Africa. It is wide spread in many parts 
of sub Saharan Africa. In Southern Africa it occurs from the Eastern Cape through KwaZulu 
Natal and Swaziland to Mpumalanga, Gauteng and Limpopo. It also occurs northwards into 
tropical Africa as far as Ethiopia and in Southern India (Alice, 2005). It has been reported to 
possess some insecticidal properties (Blum and Bekele 2002; Waka et al., 2004; Adedapo et 
al., 2008). 
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Figure 5.2: Calpurnia aurea 
 
5.2.2.3 Tagetes minuta L 
Tagetes minuta L (Figure 5.3) is an annual herb that belongs to the Asteraceae family. It is 
commonly known as Khaki weed or Mexican marigold and is called uNukanuka in Xhosa. It 
originated in South America and has spread throughout the world (Hulima, 2008). Tagetes 
minuta is an aromatic, branched erect herb 1-2 m tall. Leaves are stalked opposite, slightly 
glossy green, 7-15 cm long pinnately dissected into 4-6 pairs of pinnae. Flower heads are 
yellow, small 10-15 mm long including ray florets (Singh et al., 2003; Lopez et al., 2008). It 
has been documented to possess both insecticidal and repellent properties (Keita et al., 2000; 
Cestari et al., 2004). Farmers in the study area access it on their arable lands. 
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Figure 5.3: Tagetes minuta 
 
5.2.2.4 Jeyes fluid 
Jeyes fluid (Figure 5.4) (Adcock Ingram, Bryanston, South Africa) is one of the most used 
commercial multi-purpose disinfectant. It contains mainly tar acid 13% m/m (carbolic acid) 
and sodium hydroxide 1%. Carbolic acid is noted to be antiseptic and disinfectant (Tripathi, 
2003; Henriette, 2009). Carbolic acid has previously been recorded to be toxic and poisonous 
to low forms of life and lethal to aquatic life (Gieger et al., 2000). 
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Figure 5.4: Jeyes fluid 
 
5.2.2.5 Used engine oil 
Used engine oil (Figure 5.5) is a brown to black liquid produced when new mineral-based 
crankcase oil is subjected to high temperature and high mechanical strain (Achuba and Clarke 
2008) and is contaminated by physical and chemical impurities. It contains small amounts of 
gasoline, metal additives and a range of aromatic and aliphatic hydrocarbons. Used engine oil 
is therefore highly concentrated with heavy metals originated from crude petroleum; motor 
oil additives and engine wear (Dominguez et al., 2004). Resource-limited farmers easily get 
used engine oil at garages either for free or at affordable prices, hence it’s accessible. 
73 
 
 
Figure 5.5: Used engine oil 
 
5.2.2.6 Paraffin 
Paraffin, (Figure 5.6) also known as kerosene is a hydrocarbon that is highly toxic and has a 
flash point (lowest temperature at which it can form an ignitable mixture in air) of 43°C 
(Muller et al., 2007). Despite its toxicity, it is widely used by resource-limited farmers in 
developing countries like South Africa in controlling external parasites in free-range 
chickens. Farmers access it at garages at affordable prices. 
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Figure 5.6: Paraffin 
 
5.2.2.7 Tabard 
Tabard (Figure 5.7) (35% diethyltoluamide, Acorn (Pty) Ltd, Strubens Valley, South Africa) 
is a world-class insect repellent. All Tabard variants are manufactured in South Africa under 
Medicine Control Council regulation, Act No 101 of 1965. Tabard is not only used to keep 
mosquito at bay, but works equally effective against fleas, ticks flies and gnats (Acorn South 
Africa (Pty) Ltd, 2009, personal communication). 
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Figure 5.7: Tabard 
 
5.2.2.8 Karbadust 
Karbadust (Figure 5.8) (Carbaryl 5%), (Agro-serve and Bryanston, South Africa) is a 
commercial registered insecticide (Reg No L0493 and G0196/N-AR 0148 Act No 36 of 
1947). In chickens it controls mites, tampans, lice, ticks and fleas; however it can also be 
used in home gardens to control worms and grass-hoppers (Botes et al., 2007). 
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Figure 5.8: Karbadust 
 
5.2.3 Preparation of the materials 
5.2.3.1 Aqueous extraction of fresh plant materials 
The fresh leaves of T. minuta, C. pulchella and C. aurea were crushed separately using a 
meat mincer, (No 10, Shandong Branch, Hong kong, China). The concentrations of the 
extracts were determined on a weight per volume basis (Yin and Kwok, 2005) to obtain 10, 
25, 50 and 75% (w/v). The crushed test materials were squeezed to obtain 100% 
concentration extracts. Plant materials of C. pulchella and C. aurea were mixed in different 
proportions of 1:1, 6:4, 7:3, 8:2 and 9:1. The mixture was stored at room temperature 
overnight and later strained using a muslin cloth and filtered using a Whatman No. 1 filter 
paper, respectively. The filtrates were stored in capped labeled bottles and kept in the 
refrigerator at 6°C until use. 
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5.2.3.2 Preparation of non-plant materials 
Jeyes fluid was diluted using distilled water to make the following concentrations: 0.6, 1.2, 
4.8, 9.6, 19.2, 38.4, 76.8, and 100 %. Paraffin and used petrol engine oil were used undiluted. 
A commercial insecticide Kabadust (carbaryl 5 %) (Agro-serve, Bryanston, South Africa) 
registered for the control of fleas was used as the positive control and distilled water as 
negative control. 
 
5.2.3.3 Fleas 
Fleas, C. felis felis at pupae stage were obtained from Clinvet International, Bloemfontein, 
South Africa. The fleas were held in well ventilated small plastic vial which was incubated at 
a temperature of 27 ± 3oC with a relative humidity of 80±10% (Mustapha et al., 2006). After 
5 days the adult emerged and the 5 day old fleas were used in the experiment. 
 
5.2.3.4 In vitro repellency bioassay 
Test tubes with diameters of 4 cm and lengths of 29 cm were used for this bioassay. The cat 
fleas, C. felis felis were used because they can also attack chickens, and they are the preferred 
model fleas for repellency testing (Mustapha et al., 2006). Filter papers (Whatman No. 1) 
with a diameter of slightly less than 4 cm were placed at the bottom of the test tubes. Aliquots 
of 1 ml of the test materials were applied separately on filter paper as uniformly as possible 
using a micropipette. Distilled water and Tabard (35% diethyltoluamide Acorn (Pty) Ltd, 
Strubens Valley, South Africa) were used as negative and positive control, respectively. Ten, 
(5 day old fleas) of either sex, anaesthetized using carbon dioxide (CO2) were placed 8 cm 
away from test material. The test tubes were closed with fine gauze secured with rubber band 
and held horizontally for 5 min to allow fleas to gain consciousness. The bottom end of the 
test tubes was put in a temperature regulated water bath at 41.8◦C simulating chicken body 
78 
 
temperature so as to attract fleas. Treatments were replicated 3 times. Observations were 
recorded after 20 and 40 minutes then hourly for 7 hours. Any flea found 4 cm away from the 
test material upwards was considered having been repelled. Repellency was expressed as the 
number of fleas moving away from the stimuli to the total number of fleas at each occasion. 
Repellency % = 100 - [T x 100] 
N 
Where T = number of fleas found in the treated area. N= total number of fleas used 
(Usavadee et al., 2007). The average repellency was calculated from the values obtained in 
three replicates. 
 
5.2.3.5 Contact bioassay on fleas 
The test to evaluate the efficacy of insecticidal activity followed the World Health 
Organization standard protocols (WHO, 1977) with slight modifications. For the experiment 
filter papers were impregnated with test materials at concentrations used in the repellency 
assay. Distilled water and Karbadust® (carbaryl 5%) were used as negative and positive 
controls, respectively. Ten fleas were anesthetized with CO2 and introduced into the test tube 
8 cm away from the test material with the aid of a suction tube. Test tubes were closed with 
fine gauze supported by a rubber band and were held horizontally until the fleas just gained 
consciousness. Then the test tubes were held vertically so that the fleas would be in contact 
with the test material. Test tubes were then incubated for 24 hours at a temperature of 27 ± 
3oC with a relative humidity of 80±10% (Mustapha et al., 2006). Mortality observations were 
done after 24 hours. The mortality rate was calculated according to Abbott (1925) as follows: 
Flea mortality = (1-_ T_) X 100 
Co 
Where: T = number of live fleas after treatment with test material 
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Co = number of live fleas after treatment with control 
Dead adult fleas were identified when they failed to move after probing with a needle 
(Maheswaran et al., 2008). 
 
5.2.3.6 Data analyses 
5.2.3.7 In vitro repellency bioassay 
The percentage flea repellency was calculated according to  Usavadee et al. (2007). Mean 
repellency for all materials used was calculated. Data were analysed using Proc mixed for 
repeated measures (SAS 2004) to compute statistical differences of least square means. 
 
5.2.3.8 Contact bio-assay 
Mortality counts were corrected by using the formula of Abbott (1925). Data obtained were 
tested for normality before analyzed using SAS (2004). The General Linear Models (GLM) 
procedure was used to analyse the effect of treatment on fleas. Comparisons of means were 
performed using the Tukey’s studentised range test. 
 
5.3 Results 
5.3.1 In vitro repellency bioassay 
Tagetes minuta demonstrated a significant repellency (p<0.05) level of 76% at a 
concentration of 100% for 4 hours (Table 5.1). Extracts of C. aurea, C. pulchella (10, 25, 50, 
75 and 100%) and their proportions of 1:1, 6:4, 7:3, 8:2 and 9:1, used engine oil and paraffin 
did not show (p>0.05) repellency. Jeyes fluid at concentrations of 38.4, 76.8 and 100% lasted 
for 2, 3 and 5 hours respectively, while the standard Tabard was effective for 5 hours after 
application (Table 5.1). The repellency efficacy of test materials decreased with time. 
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Differences of least square means with time are reflected on (Table 5.2). Extracts of T. 
minuta at 50, 75 and 100% concentrations showed significant difference at 3-4 hour range. 
Jeyes fluid 76.8% compared well with Tarbard which showed the significant difference at 4-5 
hour range. 
 
5.3.2 Contact bioassay 
The plant extracts of C. pulchella, C. aurea and T. minuta at concentration of 100% had flea 
mortality of 83.5, 73.3 and 42.5%, respectively while the combination of C. pulchella and C 
aurea in proportions of 1:1, 8:2 and 9:1 had mean mortality of more than 70% at higher 
concentrations (Table 5.3). Other proportions 6:4 and 7:3 of both plants showed insignificant 
flea mortality compared to single plant extracts. Paraffin and used engine oil exhibited flea 
mortality of 92.5 and 95%, respectively and were not different (p<0.05) to the positive 
control Karbadust (carbaryl 5%) which exerted a mean mortality of 97.5%. Jeyes fluid at 
19.2, 38.4 and 76.8% concentration had a flea mortality of 82.5, 95 and 100%, respectively. 
Lower concentrations exhibited insignificant flea mortality efficacy. Farmers used Jeyes fluid 
according to the manufacture’s instructions, but in this study the concentration level of 1.2% 
did not exert significant flea mortality. Other proportions 6:4 and 7:3 of both plants showed 
insignificant flea mortality compared to single plant extracts.  
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Table 5.1: Least square means showing flea repelling activity of T. minuta and Jeyes fluid at different concentrations. 
Material Flea repellency (%) 
20min 40min 1hr 2hr 3hr 4hr 5hr 6hr 7hr 
Tagetes minuta 100% 100 100 100 100 100 76 56 36 30 
Tagetes minuta 75% 100 100 100 100 90 66 46 33 26 
Tagetes minuta 50%  100 100 100 100 83 60 36 26 16 
Jeyes fluid100% 100 100 100 100 100 83 63 50 30 
Jeyes fluid 76.8% 100 100 100 100 86 46 33 20 16 
Jeyes fluid 38.4% 100 100 100 73 43 26 16 13 6 
Jeyes fluid 19.2% 100 100 83 50 30 13 10 0 0 
Tabard 100 100 100 100 100 90 70 30 20 
Distilled water 0 0 0 0 0 0 0 0 0 
 
 Table 5.2: Differences of Least square means with treatment and time 
Materials Time frame range (Hours) 
 0.33-0.67 0.67-1 1-2 2-3 3-4 4-5 5
Tagetes minuta 100% -124E-16 2.31E-14 1.78E-14 -551E-16 23.3** 20** 20**
Tagetes minuta 75% -115-16 0 2.75E-14 10 23.3** 20** 13
Tagetes minuta 50% -191E-16 1.11E-14 1.95E-14 16.7 23.3** 23** 10
Jeyes fluid 100% -213-16 0 2.31E-14 -249E-16 16.7 20** 13.3
Jeyes fluid 76.8% -147E-16 -107E-16 3.73E-14 13 40** 13 3.3
Jeyes Fluid 38.4% -213-16 5.33-15 26.7** 30** 16.7 10 3.3
Jeyes fluid 19.2% -213-16 16.7 33.3** 20** 16.7 3.3 10
40Tarbard 3.13E-13 -256E-15 7.11E-4 -128E-15 10 20** 
 
**Differences of LSMs in each row with the two stars are different at (p<0.05) 
*Standard error (±4.4) 
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Table 5.3: Mean percentage mortality (±S.E) after 24 hour exposure of fleas to the plant 
material 
Material Concentrations (%) (w/v) 
 10 25 50 75 100 
T.minuta 2.5d 7.5c 20bc 32.5ab 42.5a 
C.aurea 30c 37.5bc 50b 67.5a 75a 
C.pulchella 15d 30c 62.5bc 72.5b 83.5a 
C.aurea + C. pulchella 1:1 20d 42.5c 56.2bc 60b 73.5a 
C.aurea + C. pulchella 8:2 20d 45c 50bcl 65b 70a 
C.aurea + C. pulchella 9:1 36.3d 51.3c 56.3b 67.5ab 73.5a 
C. pulchella + C aurea 8:2 30d 45c 55bc 65b 70a 
C. pulchella + C aurea 9:1 35d 50c 65b 70a 73.5a 
Karbadust  - - - - 97.5a 
Control  0d 0d 0d 0d 0d 
a,b,c,dMeans in the column with different superscripts differ significantly, p<0.05 level.  
*standard error (± 3.60) 
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5.4 Discussion 
Insecticidal activity of ethno-veterinary medicine against several insects has been 
demonstrated (Isman, 2000) and the deleterious effects of these on insects can be manifested 
in several ways which include toxicity, mortality and repellency (Jbilou et al., 2006). In this 
study T. minuta exhibited both insecticidal and insect-repellent properties. This is in 
agreement with Cestari et al. (2004) and Keita et al. (2000) who also documented that T. 
minuta possesses both insecticidal and repellent properties, though the insecticidal activity of 
T. minuta was insignificant in the current study. The insecticidal activity of T. minuta has 
been reported against stored product pests (Keita et al., 2000; Sarin, 2004) human head lice 
(Cestari et al., 2004) and mosquitoes (Seyoum et al., 2002). Its efficacy could be attributed to 
its composition as the main oil constituents recorded α-terpineol and ocimenone (Tomova et 
al., 2005; Farshbaf et al., 2006; Moghaddam et al., 2007; Liza-lopez, 2008). The α-terpineol 
and ocimenone in T. minuta are responsible for the toxic and repellent effects reported in 
mosquitoes and flies (Seyoum et al., 2002; Njoronge and Bushmann 2006; Jaeson et al., 
2006). Nevertheless in this study T. minuta did not record significant flea mortality. This may 
be attributed to the fact that aqueous leaf extracts, and not the oil were used. It is however, 
easy for resource-limited farmers to use aqueous extracts than T. minuta oil. 
 
In this current study T. minuta showed significant repellency against fleas and this could be 
attributed to the pungent smell which repelled fleas away from the test material. The decrease 
of T. minuta repellency efficacy with time could be due to the fact that it contains volatile 
substances.  Zoloni (2007) reported hexane extract of T. minuta having a repellency efficacy 
against ticks of 82% for 2 hours at a low concentration of 10% and this may be attributed to 
the fact that hexane not aqueous extracts were used. According to Fradin and Day (2002) the 
minimum repellency efficacy of commercial insecticides is 100% for 2 hours and the natural 
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repellent products is 100% for the first 30-60 minutes. Tagetes minuta at 50, 75 and 100% 
and Jeyes fluid at 76.8 and 100% had a repellency efficacy of 100% for more than 1 hour, 
and certainly these conform to the requirement by Fradin and Day, (2002). This duration 
compares well with the required 2 hours as there is no significant difference between the two 
durations and as such these could be used by resource limited farmers as alternative flea 
repellents. Reapplication of the test material at 2 hour interval is however, needed for the test 
materials to be effective for several hours. This requires more material, labour intensive, and 
consumes more time. In addition, Zoloni (2007) reported that the concentration of the active 
ingredients which have the pesticidal effects vary with the plant age/growth. 
 
Jeyes fluid is a commercial product, used as a household disinfectant. It contains mainly tar 
acids-13% (carbolic acid) and sodium hydroxide (1%) (Tripathi, 2003). It showed some 
insecticidal activities both through contact and repellency in the study. The effectiveness of 
Jeyes fluid to kill fleas is attributed to poisonous carbolic acid (Henriette, 2009) and its 
efficacy compared well with the positive control Karbadust (carbaryl 5%). Jeyes fluid has 
been used for many years as an alternative method to control ticks (Sekokotla, 2005; Sebei, 
2005; Khan, 2006). It is accessible to resource-limited farmers and they perceive it as cheaper 
and easy to use compared to the commercial insecticides (Sekokotla, 2005). This could be the 
reason why rural farmers use it to control fleas. So far no reports about its repellency 
properties against fleas have been documented. 
The Jeys fluid is very toxic to aquatic organisms, it alters the water pH. This may cause long 
term effects in the aquatic environment if water bodies are contaminated (Irwin, et al., 1997). 
Its use should be avoided or used with caution to avoid contamination of water bodies. 
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Used engine oil is any oil that has served its service properties in a vehicle withdrawn from 
the meant area of application and considered not fit for its initial purpose (Abdulhadi and 
Kawo 2006). In this study used engine oil exhibited significant flea mortality. It contains 
toxic metals such as aluminium, chromium, lead, and manganese (Delistraty and Stone 2007) 
and its efficacy could be due to these toxic substances contained. The toxic and carcinogenic 
substances contained in used engine oil can cause negative effects to the ecosystem 
(Abdulhadi and Kawo 2006). Despite the negative effects mentioned above (Hlatshwayo and 
Mbati 2005) reported that used engine oil is being used as an alternative tick control by 
resource-limited farmers because of its accessibility. Despite its wide use as an alternative 
remedy in controlling external parasites of free-range chickens it could be used with caution. 
 
Paraffin showed some significant mortality against fleas, however little or no literature has 
documented its efficacy against external parasites. Previous studies reported its use by 
farmers to control fleas (Harun, 2001; Swaston et al., 2001; Muchadeyi et al., 2004) and ticks 
(Hlatshwayo and Mbati 2005). Paraffin is composed of sulphur, olefins, aromatics and 
aliphatics (Dlamin and Gqaleni, 2006). Aromatics are associated with high toxicity to skin 
tissues (Dlamin and Gqaleni, 2006) and they induce necrosis on the skin. Though being 
widely used by resource-limited farmers in most developing countries, it has to be used with 
caution. 
 
In this study C. pulchella had the highest flea mortality percentage among plants. Information 
is however, lacking on its previous use against fleas and its insecticidal properties. It has 
previously been reported to be used in drenches for griping pains in calves (Hutchings et al., 
1996) and its decoction to treat gall sickness (Masika and Afolayan, 2003). However, the 
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juice of this plant produces irritant effects on humans (Watt and Brandwijk 1962) as a result 
caution should be practiced when using it. 
 
Calpurnia aurea exhibited significant flea mortality at higher concentrations. Some findings 
by Waka et al. (2004) and Adedapo et al. (2008) revealed that C. aurea (Ait) Benth is used to 
kill lice. In a study by Zorloni (2007) C. aurea exhibited high tick mortality. This could be 
due to the fact that acetone and not aqueous extracts were used. Also the active compounds 
from C. aurea as quinolizidine alkaloid calpurnine (12β, 13α-dihydroxylupanine) and its 13α-
(2-pyrrolycarboxylic acid ester) were recorded by Zolorni, (2007) and Radema et al., (2001). 
These quinolizidine alkaloids (Adedapo et al., 2008) are toxic to insects and animals (Lopez-
ortiz et al., 2004). Their toxicity could have attributed to the mortality of fleas. Insecticidal 
properties of C. aurea have been recorded by Blum and Bekele, (2000). In another study 
Regassa (2000) reported the use of juice from crushed leaves of C aurea in the control of 
ticks. Also, its insecticidal activity against lice in calves has been reported by Heine and 
Brenzinger, (1988) in Kenya. The wide use of C. aurea could justify its use by resource-
limited farmers of Amatola basin in controlling fleas. 
 
The study revealed that combinations of extracts of C. pulchella and C. aurea did not exhibit 
significant repellency against fleas. The result could be attributed to the observation that both 
plants did not possess repellent properties. In contact bioassay the proportions of 1.1, 8.2 and 
9.2 had significant flea mortality at the highest concentration, but it was less than when single 
extracts were used. This could be attributed to the fact that compounds in each extract in 
plant combinations may neutralize each other (Gilani and Rahman 2005). Also in some 
instances the combination may result in antagonistic effects (Adams et al., 2006) this could 
explain the effect of two extracts being less than that of single extracts. According to Adams 
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et al. (2006) combining two plant extracts increase potency due to synergistic effect, which 
was not reflected in this study. Further investigations are recommended in this regard. 
 
Amongst the materials used by resource-limited farmers and reported in this study most of 
them possess insecticidal and repellent properties against fleas. Despite the fact that some 
materials showed effectiveness against fleas, used engine oil and Jeyes fluid have potential 
toxic effects in animals and are also environmental contaminants. Therefore, extreme care 
and caution have to be taken when using them. 
 
5.5 Conclusion 
The present investigation, established that T. minuta and Jeyes fluid showed some repellency 
efficacy against fleas while C. pulchella, C. aurea, paraffin, used engine oil did not. Clutia 
pulchella, C. aurea, paraffin, used engine oil and Jeyes fluid showed some flea mortality 
efficacy. Plant combinations of C. pulchella and C aurea in proportions of 6:4 and 7:3 did not 
exhibit significant flea mortality at low concentrations. This work demonstrated some of the 
tested materials to be significantly effective in the repelling and killing of fleas. Further 
investigations are however recommended to determine flea insecticidal compounds of C. 
pulchella and C. aurea. Despite the wide use of used engine oil, it is an environmental 
contaminant; therefore farmers have to be cautioned about this. It is however, essential to 
conduct an experiment in vivo to ascertain the efficacy of used engine oil, Jeyes fluid, C. 
aurea and C. pulchella of fleas on free-range chickens. 
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6 CHAPTER 6: Evaluation of the dermal irritation and efficacy of 
materials used by resource-limited farmers in alternative control of 
fleas in free-range chickens in the Eastern Cape Province, South Africa. 
(Submitted to the Veterinary Parasitology) 
 
Abstract 
Fleas were previously shown to be the most prevalent amongst the external parasites of free-
range chickens in the Eastern Cape. Fleas grossly affect the productivity of free-range 
chickens. They are normally controlled using commercial insecticides which are, however, 
expensive to rural farmers and not always locally available. This has resulted in farmers 
resorting to use of alternative remedies which are cheap and socially acceptable. The 
objectives of this study were to determine potential dermal irritation and efficacy of selected 
materials used in the control of fleas in free-range chickens. The materials tested included 
used engine oil, Jeyes fluid (carbolic acid 13%), plant material from Clutia pulchella and 
Calpurnia aurea. Distilled water and Karbadust (carbaryl 5%) were used as negative and 
positive controls, respectively. Forty eight rats, with parts of the backs shaven, were used to 
screen the materials for irritation. In addition, a complete randomized design was used where 
60 free-range chickens were allocated to twelve treatment groups with five chickens each. 
The chickens were artificially infested with fleas, which were counted and recorded daily 
every morning for 7 days. The test materials did not cause any visible skin irritation. In the 
efficacy tests, used engine oil, Jeyes fluid at 76.8% and C. pulchella (100%) caused flea 
reduction in the order of 100, 98 and 95% three days post application of test materials. The 
mortality was not different (p>0.05) from those of Karbadust (carbaryl 5%) a commercial 
insecticide which had a flea mortality of 100%. Calpurnia aurea (100%) and C. pulchella 
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(75%) showed an efficacy of 77 and 80%, respectively. The different materials tested 
exhibited variable efficacy on fleas, where in certain cases it matches that of the Karbadust, 
the commercial insecticide used by farmers. The test materials did not cause any visible signs 
of irritation on both rats and chickens. They exhibited significant efficacy against fleas at 
high concentrations though the efficacy of used engine oil and Jeyes fluid are considered 
environmental contaminants. 
 
Keywords: External parasites, flea control, skin irritation, used engine oil  
 
6.1 Introduction  
The efficacy of alternative insecticides used in the previous study exhibited varying efficacy 
against fleas. Fleas (Echidnophaga gallinacea) are a broad based parasite of chickens that 
affect free-range chickens as discussed in Chapter 2. This problem with fleas occurs 
particularly in developing countries where control strategies are conducted irregularly 
(Kilonzo et al., 2001) and similar findings were reported in Chapter 4. Fleas were found to be 
more prevalent in chickens where control measures were irregular as reported in Chapter 4. 
 
Control of fleas has typically been achieved by the use of synthetic contact insecticides as 
discussed in Chapter 2. Several authors have documented the use of plant-derived products in 
parasites management with reviews already available both from agriculture (Isman, 2000; 
Isman, 2006) and veterinary perspective (George et al., 2008). Furthermore, resource-limited 
farmers have found alternative remedies effective in controlling external parasites; however, 
there is need to validate their efficacy in- vivo (Dautel, 2004). Therefore, the objectives of the 
study were to determine the potential dermal irritation effects and the efficacy of selected 
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alternative remedies used by resource-limited farmers in the control of fleas in free-range 
chickens in the Amatola basin in the Eastern Cape Province of South Africa. 
 
6.2 Materials and methods 
6.2.1 Experiment facility 
The study was conducted at Fort Cox College of Agriculture and Forestry (32˚47′11″S; 
27˚0′08″E) in the Amathole District Municipality, Eastern Cape Province, South Africa. 
Twelve flea tight Perspex cages dimensions of 62 cm length, 51 cm width and 47.5 cm height 
were used. Feed and water troughs were fitted inside the cages. The cages were placed in a 
fowl run of 25.4 m2 with a temperature range of 27-30°C and relative humidity of 70% as 
described by Mustapha et al. (2006). 
 
6.2.2 Plant material collection, identification and preparation 
The collection, identification of the plant materials and aqueous extraction was given in 
sections 5.2.1 and 5.2.3.1. The materials with the highest efficacy in the in vitro experiment 
were used in the in vivo experiment 
 
6.2.3 Non plant materials 
The rest of the details were described in section 5.2.3.2. 
6.2.4 Fleas 
Fleas, Ctenocephalides felis felis at 5 day old stage were obtained from Clinvet International, 
Bloemfontein, South Africa. The fleas were held in small well ventilated plastic vials which 
were incubated at a temperature of 27±3oC with a relative humidity of 80±10% according to 
Mustapha et al. (2006). Forty eight hours before the experiment, fleas were anaesthetized 
with CO2 to facilitate easy distribution into plastic vials. They were randomly allocated to 60 
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small plastic vials with each vial having approximately twenty fleas used to infest one 
chicken. 
 
6.2.5 Ethical issues 
The experimental protocols were approved by the University of Fort Hare Ethics Committee 
and were in compliance with international standards. 
 
6.2.6 Animal management 
6.2.6.1 Rats 
A total of 48 adult Wistar rats of either sex, weighing between 250-300 g were used in the 
dermal test. The rats were individually caged and fed on commercial rodent pellets (EPOL 
Feeds Ltd, South Africa). Fresh drinking water was provided ad libitum. Rats were kept 
under standard 12-hr day and light cycle, with room temperature of 25◦C and with a relative 
humidity of 70%. 
 
6.2.6.2 Chickens 
Sixty chickens, above 5 months of age were bought from farmers in Amatola basin which lies 
in the latitude 32° 31.00 - 32º 45.00 S and longitude of 26° 57.00-27º 02.00 E. The chickens 
were acclimatized for 5 days in the fowl run before being infested with fleas (Franc and Yao, 
2006). Chickens were grouped by treatment and were individually identified. Each individual 
cage was labeled by treatment. Feed and water were provided ad-libitum. 
 
6.2.7 Dermal irritation test 
The dermal irritation test was performed according to the procedure of Wolz et al. (2002). 
The pH of test materials was determined using the Crison micro pH 2000 meter (Crison 
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Instrument, South Africa). Two parallel patches of 2x3 cm were shaved off the dorsal end of 
the rats. Care was taken to avoid bruising the skin. The rats were left for 24 hours before the 
test materials were applied. A brush was used to apply the treatments to skin patches; 
subsequently the sites were covered with a gauze patch and non-irritant tape. The parallel 
patch served as a negative control to which distilled water was applied while commercial 
insecticide Karbadust (carbaryl 5%) was used as a positive control. Three rats were randomly 
allocated to each of the 16 groups of test materials. The test materials were left on the skin 
patches for 4 hours, after which, the residual test substances were swabbed off the area using 
cotton wool soaked in distilled water. Care was taken not to alter the existing response or the 
integrity of the epidermis. The animals were examined for signs of erythema, edema and any 
abnormal signs developing on the skin, which were graded and recorded at intervals of 1, 24, 
48 and 72 hours after patch removal. Initial and terminal weights were recorded to determine 
changes in rat weight during the experimental period (Kanjanapothi et al., 2004). 
 
6.2.8 In vivo efficacy of test materials 
Chickens were individually caged in flea tight Perspex glass cages and flea containing test 
tubes were introduced into the cage to infest chickens. Chickens were left in the cages for a 
period of 20 minutes to allow fleas to attach before being removed from the cage. This was 
done two days before the application of the test materials (Franc and Yao, 2006) to allow the 
parasites to fully attach to the chickens. Twenty four hours later, the chickens were examined 
for fleas to determine the infestation level of each chicken before the application of test 
materials. A complete randomized experimental design was used where 60 free-range 
chickens were randomly allocated to 12 treatment groups with five birds each. Treatments 
were allocated to experimental units (cages). Test materials were topically applied on day 
zero at infested sites (wattles, combs and eyelids) using a feather (Yazwinski et al., 2005). 
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Attached fleas were counted every morning for 7 days to determine decrease in flea numbers. 
After the experiment the infested chickens were dusted with Karbadust to get rid of all the 
fleas. 
 
6.2.9 Data analyses 
Data obtained were subjected to the General Linear Model Procedures of SAS (2003) to test 
the effect of test materials on flea mortality index. The significant differences between least 
square means were compared using PDIFF procedure of SAS (2003). 
 
6.3 Results 
6.3.1 Dermal irritation test 
The pH of the materials used ranged from 3.90-8.97 (Table 6.1). Topical application of test 
materials at different concentrations did not cause any visible irritation on the rats. 
 
6.3.2 In vivo test of materials 
The materials tested showed various levels of flea reduction loads. After 24 hours of post 
application of test materials used engine oil, Jeyes fluid (76.8%) and C. pulchella (100%) 
exhibited significant mean flea reduction of 88.5, 86.4 and 78.6%, respectively. All the test 
materials exhibited a linear trend 24 hours post application of test materials. Flea load 
reduction increased up to day 3 and then remained constant from day 4 to 7 (Fig. 6.1). The 
overall flea load reduction of used engine oil and Jeyes fluid at 76.8% were not different 
(p>0.05) from that of the positive control Karbadust. The extracts of C. pulchella and C. 
aurea (100%) had an overall mean flea load reduction of 78.6 and 64.9%, respectively. Clutia 
pulchella and C. aurea at 75 and 100% concentrations produced results which were not 
significantly different. On the third day of observation, used engine oil, Jeyes fluid (76.8%) 
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and C. pulchella (100) had the highest flea load reduction of 100, 98 and 96%, respectively 
and were not different (P>0.05) from that of the Karbadust (carbaryl 5%) and were not 
different (P>0.05) from that of the Karbadust (carbaryl 5%). Then, there after, the flea load 
reduction remained constant (Fig 6.1). 
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Table 6.1 pH of test materials  
Materials pH meter reading 
Karbadust 7.13 
Clutia pulchella 100% 5.51 
Clutia pulchella 75% 5.35 
Clutia pulchella 50% 5.25 
Calpurnia aurea 100% 5.66 
Calpurnia aurea 75% 5.46 
Calpurina aurea 50% 5.43 
Used engine oil  5.24 
Jeyes fluid 19.2% 8.90 
Jeyes fluid 38.4  
Jeyes fluid 76.8% 
8.95 
8.97 
Distilled water 6.90 
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Figure 6.1: Daily overall mean flea reduction by test materials 
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6.4 Discussion 
All test materials did not cause any visible signs of irritation at the levels tested on both rats 
and chickens. Resource-limited farmers have used these materials for many years. Overtime 
and through trial and error, they have managed to establish the correct formulations that are 
not physically harmful to their animals (Moyo et al., 2009).  
The findings from the study showed that all the alternative insecticides used were non-irritant 
at the tested levels and their pH were within the safe range of 5.25 and 8.97. Thus there 
seems to be no visible risk to chickens that were dressed with the alternative insecticides. The 
regulatory guidelines for the assessment of dermal irritation require taking pH values of test 
materials (Worth and Cronin, 2001). The acidic and alkaline properties of compounds are 
known to play a crucial role in the generation of dermal lesion (Worth and Cronin, 2001). 
When pH of the test material is less than or equal to 2 or equal to or greater than 11.5, the 
material may be declared an irritant and no further testing is required (OECD, 1992). 
 
The various materials used in this study exhibited significant overall mean flea load reduction 
on chickens. The significant flea reduction exhibited after 3 days post application of test 
materials indicate that these test materials can be used at 3 day interval if there is a heavy flea 
infestation. In this study, the flea load reduction remained constant from day 4 to 7 and this 
could be due to the fact that the test materials which exhibited flea reduction load of less than 
100% were no longer effective. It should be noted that in this study test materials were 
administered in a single application. Repeated application for a prolonged period could 
produce a different effect on the skin. 
 
Used engine oil is a mixture of several different chemicals (Wang et al., 2000) including 
aliphatic hydrocarbons, aromatic hydrocarbons, heavy metal contaminants such as aluminum, 
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tin, lead, nickel and manganese (Achuba and Clarke 2008). Used engine oil remarkably 
reduced the number of fleas after 24 hours of post application showing that it can remarkably 
cause flea mortality within a very short period of time. The relatively high efficacy of used 
engine oil is likely due to its long lasting effects (persistence) on treated sites after treatment 
(Djouaka et al., 2007). Also, used engine oil contains some toxic compounds like manganese 
and polycyclic aromatic hydrocarbons used in the formulations of pesticides (Kumar et al., 
2008), and these could have contributed to flea load reduction recorded in this study. In 
addition, the oil film most probably acts by clogging the spiracles causing the parasite to 
suffocate (Dreyer et al., 1998). As a result, direct contact between the oil and the flea is 
important for effective results. 
 
Despite the significant efficacy exhibited by the used engine oil, it has been recorded to 
pollute the environment (Delistraty and Stone 2007). Oil spills affect many species of plants 
and animals in the environment, as well as humans (Kayode et al., 2009). According to Baek 
et al. (2005) used engine oil on soil makes it unsatisfactory for plant growth. This is due to 
insufficient aeration of the soil because of displacement of air from spaces between the soil 
particles by used engine oil (Esenowo et al., 2006). Despite the detrimental effects of used 
engine oil mentioned above, several workers have documented the wide use of used engine 
oil by farmers (Fourie et al., 2001; Faouzi et al., 2002) in the control of fleas. 
 
Jeyes fluid is a household disinfectant that contains tar acids-13% m/m (Carbolic acid), 
sodium hydroxide (1%) and more than 60% water (Gieger et al., 2000). In this study the 
efficacy of Jeyes fluid varied with concentrations; Jeyes fluid at 76.8% reduced flea load 
within three days. This could be attributed to its strong smell and phenols (carbolic acid) 
which are toxic and poisonous (Gieger et al., 2000). Although Jeyes fluid was effective in 
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reducing fleas it has been reported that prolonged and repeated application cause irritation on 
the skin, dermatitis, blisters and burns to animals, together with pathological damage to 
various body organs and systems (Chem Alert Report, 2005). The use of Jeyes fluid against 
livestock external parasites has been documented by several researchers (Fourie et al., 2001; 
Sekokotla; 2005; Rajput et al., 2006; Moyo and Masika, 2008). The detrimental effects of 
Jeyes fluid to animals and the environment require further investigations and caution needs to 
be practiced when using this chemical. 
 
Clutia pulchella at 100% concentration had an overall mean flea reduction of 78.6% which 
was adequate for reducing flea load on chickens. The findings of the present investigation 
revealed that C. pulchella has good insecticidal activity against fleas. Despite the fact that C. 
pulchella showed significant efficacy, information is lacking to support its efficacy in the 
control of fleas. Other workers (Bryant, 1966; Hutchings et al., 1996) reported the use of C. 
pulchella infusions to relieve stomach ache, treat diarrhea and dysentery cases in humans. 
 
Calpurnia aurea exhibited significant efficacy against fleas after few days of post application 
of test material. It has been reported that this plant contains quinolizidine alkaloids such as 
lupanine, calpurminine (Isao et al., 1984); lectins, non-protein amino acids and tannins 
(Fullas, 2001), virgiline and virgiline pyrrolecarboxylic acid ester (Alonso et al., 2000). 
Lectins, tannins and quinolizidine alkaloids are toxic and poisonous in animals and insects 
(Sauvlon et al., 2004; Goel et al., 2005; Resta et al., 2008). The efficacy of C. aurea on flea 
load reduction could be attributed to its composition. The findings confirm farmers’ 
experience on the use of C. aurea that it controls fleas. Despite the fact that it showed 
significant efficacy in this study, scientific information is lacking to support its efficacy 
against fleas. Previous studies have recorded use of C. aurea in the control of head lice in 
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humans and ticks in cattle (Tadeg, 2005); treatment of lumpy skin and scabies of cattle 
(Amenu, 2007); and its use in the treatment of diarrhea in humans (Teklehaymanot and 
Giday, 2007). There is no scientific evidence to substantiate its efficacy for the anti-parasitic 
properties that have been done before. 
 
6.5 Conclusions 
The materials evaluated in this study did not have any visible irritant effect on rats at the 
levels tested. Similarly, they did not cause immediate discernible effect on chickens. They all 
showed significant efficacy at high concentrations against fleas hence revealing their 
potential as flea insecticides. The results justified the use of the tested materials by resource-
limited farmers in the study area. Further work is required to substantiate its efficacy for the 
anti-parasitic properties, assess the residual effects of these materials and their implications 
on the environment before recommending their use as insecticides for fleas. 
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7 CHAPTER 7: General Discussion, Conclusion and recommendations 
 
7.1 General Discussion 
In 2003, free range chickens population in Africa was estimated to be 1.3 billion of which, 
South Africa had over 120 million chickens (FAOSTAT, 2004). This is because most of 
South Africa’s population (46%) lives in rural areas (FAOSTAT, 2004) and these chickens 
contribute significantly towards their livelihoods (Thekisoe et al., 2004). Free-range chickens 
are characterized by survival traits such as small body size, slow growth rate, late maturity 
and high degree of adaptability to prevailing climatic conditions (Swatson et al., 2001; Baba 
et al., 2004). The free-range chickens are bred and raised for meat and eggs as they play a 
major role in family nutrition. Besides, the provision of easy accessible income for resource-
limited farmers, free-range chickens play a significant role in the cultural life of rural people 
in performing traditional rituals, bartering and as gifts for visiting relatives (Thekisoe et al., 
2004; Ajala et al., 2007). 
 
Despite their important roles, there are different constraints to free-range chicken production 
such as external parasites infestation, particularly fleas. Fleas are generally controlled by 
commercial insecticides which are, however, too expensive for the rural farmers. In addition, 
the fact that the Eastern Cape is one of the poorest provinces in South Africa. The flea control 
commercial remedies are expensive, this could be one of the reason why people widely use 
alternative methods and remedies to control fleas and other livestock parasites. 
 
One of the commonly cited advantages for the use of natural insecticides from plant extracts 
in the control of external parasites is their biodegradability (Liang et al., 2003). This would 
make natural insecticides from plant extracts less toxic to the environment and non-targeted 
species. In view of the aforementioned factors, resource-limited farmers resorted to using 
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ethno-veterinary remedies which are locally available and affordable to the farming 
communities (Njoroge and Bussmann, 2006). 
 
Despite the high efficacy of used engine oil, Jeyes fluid and paraffin, they are known to cause 
environmental pollution. Used engine oil has been found to alter soil biochemistry which 
include alteration in soil pH, oxygen and nutrient availability (Odjegba and Sadig, 2002; 
Osubor and Anoliefo, 2003). Also Jeyes fluid is toxic to aquatic organism; it alters the water 
pH. This may cause long term effects in the aquatic life environment if water bodies are 
contaminated (Irwin et al., 1997). Muller et al., (2007) reported that paraffin produces 
sufficiently high levels of pollutants such as carbon monoxide for users to experience 
negative health effects. As a result resource-limited farmers have to use it with caution. 
 
In the Eastern Cape province of South Africa, the use of alternative insecticides in the control 
of fleas has not been documented and no evaluation has been done, yet farmers using them 
are of the opinion that these remedies are as effective as the commercial insecticides in 
controlling fleas. It was, therefore, of paramount importance to conduct a questionnaire 
survey to document external parasites of free-range chickens and their alternative control in 
the rural areas of Amatola basin in Eastern Cape Province, South Africa. The study revealed 
that the most perceived problematic external parasites of free-range chicken were mites, lice, 
fleas and ticks. To control these external parasites, resource-limited farmers used a wide 
range of ethno-veterinary remedies. The commonly used included ash, Jeyes fluid (carbolic 
acid 13%), used engine oil, paraffin and a few plants T. minuta, C. pulchella and C. aurea.  
 
To confirm farmers’ perceptions on problematic external parasites of free-range chickens, a 
diagnostic survey was conducted. The survey revealed four species of lice (M. gallinae. M. 
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stramineus, Gonoides gigas and Gonoicotes gallinae; two of mites (Dermannyssus gallinae 
and K. mutans), one tick species (Rhipicephalus sanguineus) and one flea species (E. 
gallinacea).The most prevalent parasites were fleas and this justifies their use in subsequent 
experiments. The findings confirm farmers’ perceptions that external parasites of chickens 
occur in their flocks and are one of the major challenges to chicken production in rural areas. 
 
In vitro experiments were conducted to assess the insecticidal properties of materials used to 
control fleas in free-range chickens; used engine oil, Jeyes fluid, paraffin, C. pulchella, C. 
aurea, and T. minuta. The study revealed that Jeyes fluid and T. minuta at 76.8 and 100%, 
respectively, had both repellency and insecticidal activities, though the insecticidal activity of 
T. minuta was insignificant, while used engine oil, paraffin and C. pulchella at 100% 
concentration exhibited significant flea mortality. The repellency of T. minuta compared well 
with that of Tabard, the positive control (35% diethyloluamide) and this justifies why 
resource limited farmers use this plant in South Africa. In addition, T. minuta has been 
documented by Farshbaf et al., (2006) and speculate that its repellent properties could be 
attributed to terpineol and ocimenone it contains. In the in vivo evaluation experiments, used 
engine oil, Jeyes fluid at (76.8%) and C. pulchella (100%) resulted in the reduction of fleas in 
the order of 100, 98 and 95%, respectively three days post application of test materials. This 
was significantly not different from the Karbadust, a commercial drug used by farmers which 
caused flea mortality of 100%. Calpurnia aurea also exhibited significant flea load reduction 
of 77%. The results showed that the materials used by farmers have some insecticidal 
properties. Also, the materials used were not irritant to the skin of rats and chickens  
 
The use of ethno veterinary remedies is gaining momentum in developing countries in 
controlling external parasites due to unavailability of commercial drugs (Mokwala, 2007). In 
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addition, alternative medicine has stimulated a renewed interest in respect to efficacy, 
advantages and inherent sustainability of some traditional veterinary and husbandry 
management practices among rural farmers. The use of safe and effective alternative 
medicine would reduce farmers’ input costs, conserve the resource base, enhance biodiversity 
and protect the health of chickens and reduce chemical residues in meat and eggs. Also, the 
successful use of alternatives to commercial insecticides would promote self reliance, 
contribute to internationally recognized safe and good quality food supply and strengthen 
rural community livelihood (Lans et al., 2007). 
 
7.2 Conclusions 
The study revealed that external parasites of free-range chickens are a problem and resource-
limited farmers in the Eastern Cape Province use a wide range of ethno veterinary materials 
which include non-plant materials (used engine oil paraffin, Jeyes fluid) and plant materials 
(C. pulchella, C. aurea and T. minuta). The diagnostic survey conducted revealed that free-
range chickens were infested with external parasites. Four lice, two mites, one tick and one 
flea species were identified, showing that free-range external parasites are a problem in the 
study area. Furthermore, the in vitro models, Jeyes fluid and T. minuta exhibited both 
repellency and insecticidal activities while in the contact bio-assay used engine oil, paraffin, 
C.pulchella and C. aurea had some insecticidal properties. Plant combinations of C. pulchella 
and C aurea in proportions of 6:4 and 7:3 did not exhibit significant flea mortality at low 
concentrations. Also, all the materials used in this study were non-irritant to the skin of rats 
and chickens. The in vivo study showed that used engine oil, Jeyes fluid, and extracts from C. 
pulchella and C. aurea exhibited variable efficacy against fleas of 100, 98, 95 and 77% 
respectively. 
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7.3 Recommendations and Future Research 
Although the study revealed that Jeyes fluid, paraffin and used engine oil, have some 
insecticidal activities against fleas, it is imperative to use them with caution taking into 
account that they have been reported to have potential side effects on both livestock and the 
environment. The effective materials in this study could be explored further for use in the 
organic production of chickens. 
 
In future it is crucial to assess the residual effects of these test materials on eggs and chicken 
meat and their implications on the environment before recommending their use as 
insecticides for fleas. Elucidation of chemical composition of C. pulchella and C aurea to 
ascertain flea insecticidal compounds warrants investigation. In addition, it is imperative to 
determine the mechanism of action of these materials against fleas of free-range chickens. 
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Appendices 
Appendix 1: Questionnaire used in the baseline survey of the ethno 
veterinary practices used in the control of chicken external parasites in 
rural villages of the Eastern Cape 
 
This questionnaire is to gather information on various practices (ethno veterinary) used in the 
control of external parasites of chickens.  
Date____________________ Questionnaire number__________________ 
District__________________ Enumerator’s name-____________________ 
Ward____________________ Respondent’s name ____________________ 
Village___________________ Sex of respondent -_____________________ 
GPS co-ordinates___________ 
SECTION A: HOUSEHOLD DEMOGRAPHY 
1. Who is the head of the family?      Father     mother       children     children     other 
(specify).-----------------------------------------------------------------------------  
2. Information on the head of the household. 
Name of 
household head 
age Gender Highest level of 
education 
Occupation 
     
 
3. What is your main source of income?     cropping       livestock      salaries/wages     
other (specify) ---------------------------------------------------------------------------------  
SECTION B: LIVESTOCK INVENTORY 
4. At this household do you own any form of livestock?     Yes      No 
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5. If yes, which of the following livestock listed below do you keep? Indicate their numbers 
Livestock cattle sheep Goats  Village 
chickens 
Pigs Other (specify) 
       
 
6. At this household who owns poultry?    (1) Father (2) Mother (3) Granny   (4) Children    
(5) other (specify) _____________ 
7. Do you have a fowl run for your chickens?      Yes       No    
8. If yes, what type of building material was used?     Poles     stones      bricks       fence    
  mud        other (specify) _____________________  
9. Is there another way you would have liked to build the fowl run?       Yes       No 
10. If so why?-----------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------- 
SECTION C: VILLAGE CHICKEN PARASITES PREVALENCE 
 
11. Do you normally experience any health problems in your chickens?      Yes       No 
12. If yes, what are the causes of the various health problems?     diseases       internal 
parasites       external parasites          external parasites       other (specify) -------------------
------------------------------ 
13. Give a description of the signs for the diseases/parasites above?-------------------------------
------------------------------------------------------------------------------------------------------ 
14. Are there any external parasites affecting your chickens?       Yes      No 
15. If no, how do you manage to keep the chickens free of external parasites?--------------------
----------------------------------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------------------- 
16. If yes, name them ranking on their degree of prevalence 
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External 
parasite 
Rank according to which are the most  common 
1=most common 2=moderate 3=least common 4=not prevalent 
  
Mites   
Lice  
Ticks  
Tampans  
Flies  
Fleas  
Other (specify)  
 
17. What are the seasonal differences in the occurrence of the parasites?--------------------------
----------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------- 
18. Do they affect a few households, whole village, and various villages? 
  Few households         whole village           various villages     
19. How do you tell that the chickens are infested with the said external parasite?     
Dullness       Scratching        Reduced feed intake      fluffed feathers        other (specify) 
20. Have these parasites got any effect on you and/or people in your household? 
  Yes           No 
21. If yes,  how?--------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------ 
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22. How do you control these parasites in humans if necessary?------------------------------------
----------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------- 
23. Since  2007 how many chickens have died and what were the causes of death?--------------
----------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------          
24. In 2007 state the number of increase to your chickens. ------------------------------------------
---------------------------------------------------------------------------------------  
25. How many were brought in from elsewhere?------------------------------------------------ 
26. In case you  brought in chickens ( as presents, bought etc)  how would or do you  
introduce the new birds into the flock?------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------- 
27. How many eggs did your chickens lay in 2007?---------------------------------------------- 
28. How many did they hatch?----------------------------------------------------------------------- 
29. Is there a reason for the answer above?-------------------------------------------------------------
------------------------------------------------------------------------------------------------------- 
30. Of the chicks that are hatched, how many survived to maturity?--------------------------------
---------------------------------------------- 
SECTION D VILLAGE CHICKEN PARASITE CONTROL 
31. For the mentioned problematic external parasites. Do you normally control them? 
  Yes        No 
32. If yes, how do you control these external parasites?    bought in drugs     traditional 
practices      both      none       other (specify) 
33. Do you use ethno veterinary practices to control external parasites?     Yes     No 
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34. If yes, give reasons for your answer.      cheap     locally available      highly effective     
  other (specify) __________________ 
35. If  No, give reasons why you do  not  use traditional practices to control external 
parasites.        Religion     culture     not interested      not knowledgeable   
other(specify)_________________________________ 
*If control of parasites is by traditional practices or both answer the following questions 
36. Which commercial drug(s) do you use to control the most prevalent parasite? 
37. How much is the drug? -------------------------------------------------------------------------- 
38. Explain how you use the drug -----------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------- 
39. Where do you keep the drugs after using them?---------------------------------------------------
------------------------------------------------------------------------------------------------------- 
40. Fill in the table below. 
Ethno 
veterinary 
practice 
Type of 
parasite 
controlled 
Preparation 
method 
Application 
method 
Frequency 
of 
application 
Precautions 
taken when 
using the 
remedies 
Used oil      
Paraffin      
Plant (names)      
Ash      
Cow dung      
Soil      
Diesel      
Jeyes fluid      
Madubula      
Smoke      
Other 
(specify) 
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41. Which of the above mentioned is more effective? 
___________________________________________________________________________
_____________________________________________________________________ 
Give reasons why do you say so.  
___________________________________________________________________________
_____________________________________________________________________ 
*Where plants are used.  
 43. Fill in the table below 
Plant 
name 
Where do 
you get the 
plant from? 
Preparation 
method 
Parasite 
controlled 
Mode of 
application 
Frequency 
of 
application 
Precautions 
when using 
these 
remedies 
       
       
       
       
       
       
 
44. Are the control methods used at a specific period in the production cycle? 
  laying       chick stage      adult stage     all stages        brooding   other specify 
45. For how long have you been using the various practices in your chicken flock? 
  <2yrs      1-6yrs      7-10yrs      11-20yrs     <30yrs 
46. Where did you get this knowledge from?      Extension agents      Local leaders 
  neighbours     friends      others specify___________________________________ 
47. According to your view is the use of ethno veterinary practices effective?         Yes      
No 
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48. If yes, state the effects.  
…………………………………………………………………………………………………
………………………………………………………………………………………………… 
49. What advice do you get from extension officers on how to control external parasites in 
chickens? 
…………………………………………………………………………………………………
……………………………………………………………………………………………….. 
50. Where else do you get advice concerning the health and parasite problems in your 
chickens?-----------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------- 
51. Are there any plants that were used 10yrs back which were effective?     Yes     No.  If 
yes, name them.---------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------ 
52.  How do you ensure that the plants you use do not get scarce or disappear?------------------
----------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------------
------------------------------------- 
 
 
 
 
 
